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THE INSTITUTE OF PETROLEUM 


AN General Meeting of the Institute of 
Petroleum was held at 26 Portland Place, London, W.1, 
on 14 March 1956, the Chair being taken by Lt.-Col. 
8. J. M. Auld, O.B.E., M.C., D.Se., President of the 
Institute. 


The General Secretary read the minutes of the meeting 


held on 8 February 1956, which were confirmed and 
signed as a correct record. He also announced the names 
of members elected since the previous meeting. 


The Chairman introduced J. A. Shaw, who then 
presented the following paper in summary. 


REFINERY UTILITY INSTALLATIONS * 


By J. A. SHAW (Associate Fellow) 


SUMMARY 
This paper sets out the principal considerations on which the design of the individual utility installations is 


based. A section of the paper is devoted to the pros and cons of power 
t an attempt is 


nature of the installation as a whole, and throug 
achieve that most essential quality, reliability. 


INTRODUCTION 


Uriitres may be defined as accessory services re- 
quired for the operation of all process units, and they 
comprise installations providing steam, electricity, 
water, fuel, and compressed air. The definition is 
sometimes extended to include fire fighting, effluent 
and waste disposal installations, chemicals, refrigera- 
tion, transportation, and communications, but for the 
purpose of this paper the first five items only are con- 
sidered. 

This is the simplest definition, but the utilities are 
also the life blood of a refinery, for not only can a 
defect in any one of them bring all processes to a 
standstill, but an upset arising from a process cause 
may also become a major disaster if the utility in- 
stallations fail to meet the emergency demands. 
Reliability and flexibility are, therefore, the main 
criteria in the design of utility installations. 

In discussing the individual utilities it is convenient 
to have as a basis for reference a hypothetical installa- 
tion, which for the purpose of this study may be 
assumed to be a conventional 150,000-b.d. prime fuels 
refinery with crude distillation, catalytic cracking, 
reforming and polymerization units, and the asso- 
ciated finishing and offsite plant. 

This hypothetical refinery will serve also as a frame- 
work on which to construct three alternative solutions 
to the power supply problem, so revealing some of the 
incentives and obstacles which confront the designer 
of utility installations. 


THE COST AND SCOPE OF UTILITY 
INSTALLATIONS 


In such a refinery, where all electric power is pur- 
chased, the capital cost of the utility installations 


meration which so greatly affects the 
e to reveal the measures necessary to 


might amount to some 15 per cent of the total invest- 
ment. 

If the whole of the power requirement were 
generated within the refinery this percentage would be 


- considerably higher, as shown later in the paper. 


In the case of a refinery where power is purchased 
the processing of each barrel of crude oil would entail 
the use of approximately : 


100 lb of steam, 

2 kW-hr of electricity, 

600 gal of cooling water, 
350,000 B.t.u. of fuel equivalent. 


An attempt to split the consumption of individual 
utilities hypothetically among the various processes 
can be misleading, because both design and opera- 
tional factors can have a considerable bearing upon 
the answer. Whereas, for example, a cat cracker 
might be a major steam consumer in one refinery, a 
basically similar unit could be a net steam producer 
in another, and the use of steam or electricity for pump 
and other drivers will depend to a large extent upon 
whether power is purchased or generated. In general, 
however, certain processes are potential steam con- 
sumers in that they have substantial heating require- 
ments that can be most conveniently supplied by the 
use of steam, and among these may be numbered all 
processes dealing with light hydrocarbons and pro- 
cesses such as distillation in which steam is used for 
stripping. In cold climates a considerable steam con- 
sumption will also be attributable to tank, line, and 
space heating. 

Large cooling water requirements are associated 
with power generation and such processes as catalytic 
cracking and catalytic reforming in which the large 
capacity compressors and blowers are often driven by 
condensing steam turbines. 


* MS received 17 February 1956. 


+ Esso Petroleum Co. Ltd., Fawley Refinery. 
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INDIVIDUAL UTILITIES 
Steam 


Steam is the principal and most important utility 
in that it will be in greatest demand in the event of 
failure of one of the other utilities or during a fire or 
process upset, however caused. 

The quantity and quality of steam required in any 
refinery depends to a large extent upon whether 
power is generated. Dry saturated steam at 120-200 
p.s.i. will suffice for most process requirements. 
Whereas for power generation steam at 500-600 p.s.i. 
with 200° or more of superheat is customary. 

The large turbines used for power generation call 
for a high degree of steam purity, and this factor 
coupled with the relatively high pressure of generation 
demands a boiler feed of prime quality and necessi- 
tates either a high proportion of condensate recovery 
or advanced water treating facilities. 

On the score of steam purity, however, most process 
consumers are less exacting than power-generators, 
and the prime needs in process steam generation are 
for reliability and flexibility, the latter because of the 
very great steam loads that can result at short notice 
from plant upsets or from a fire. 

Process consumers fall into two main categories, 
those from which condensate is recoverable and those 
from which it is not. The former category will include 
the larger drivers and those heating duties where the 
contamination of condensate by the product is im- 
possible or unlikely and all tank heating and line 
tracing. 

The condensing process drivers might produce con- 
densate equivalent to about 30 per cent of the total 
process steam consumption, but most of this can be 
absorbed by process consumers, such as waste heat 
boilers. 

Other sources of process condensate may produce a 
further 15-20 per cent which will be available for 
boiler feed, and there will also be a contribution from 
the steam used for feed heating, but a treated water 
make-up of some 70-80 per cent of the total feed will 
generally be required. 

The exhaust steam from the smaller process drivers 
is usually discharged into a low-pressure system and 
used for various heating duties, the surplus being 
returned to the steam plant, where it is employed for 
feed water heating. 

It is a feature of oil refineries that a surplus of not 
really marketable fuel exists on many occasions, and 
this factor coupled with the prime need for reliability, 
leads designers to the use of relatively simple water 
tube boilers without air heaters or economizers. This 
statement should not be interpreted as showing that 
fuel economy is a matter of no consequence in oil 
refineries, but rather that great economy is not usually 
sought at the expense of reliability which would 
probably be impaired by the use of air heaters or 
economizers having regard for the imperfect operating 
conditions. Superheaters are used to provide sufficient 
superheat only to ensure dryness at the extremities of 
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the usually extensive distribution systems which may 
reach as much as one or more miles from the generat- 
ing station. Superheaters of the drainable type are 
preferred because they will tolerate variations in 
steam purity arising from violent load changes and 
imperfect boiler feed. Feed deaeration and chemical 
conditioning are generally practised with a view to 
minimizing the corrosion of heat exchanger and con- 
densate recovery equipment, and feed heating de- 
aerators operating at suitable pressures can often be 
employed to utilize the heat in any surplus LP steam 
which would otherwise have to be condensed before 


- inclusion in the boiler feed. 


The high proportion of ‘‘ make-up ’”’ required in the 
feed to the process steam generators necessitates 
relatively high blowdown rates, but the bulk of 
the heat so discarded can be recovered by the use 
of blow-down heat exchangers and flash steam 
collection. 

The foregoing therefore, is a very general survey of 
the factors governing the design of process steam 
generating installations. 

The unit size of refinery boilers varies between 
100,000 and 300,000 lb/hr for process installations and 
up to as much as 500,000 lb/hr for power stations, the 
larger units being advantageous on a score of thermal 
efficiency and because they permit reduced operating 
and maintenance expenditure. The use of water 
walled furnaces, now almost universal in refineries, 
has greatly improved the flexibility of boiler installa- 
tions, while permitting economies in the space occupied 
for a given capacity. 

The specific heat release is kept low, to a maximum 
of about 200,000 B.t.u/cu. ft. furnace volume, so as to 
permit the burning of heavy residues, and both 
forced and induced draught fans are employed for the 
same reason. 

Both separate and combination gas and oil burners 
are used, and steam atomization of the oil fuel is 
general. 

A greater degree of instrumentation than is cus- 
tomary in other industries is desirable in an oil 
refinery because of the facility it affords for the 
handling of emergencies. The instrumentation fre- 
quently embraces the control of the dual firing system, 
but this feature will be described in greater detail at a 
later stage. 

Figs 1 (a) and (0) illustrate alternative feed systems 
for a refinery process steam plant. Fig 1 (a) shows the 
vacuum deaerator system familiar in the U.K. and 
Fig 1 (6) the deaerating heater or pressure system 
which is characteristic of installations in the U.S.A. 
The principal advantage of the pressure system is that 
it permits the utilization of a greater quantity of 
surplus LP steam than is possible with the vacuum 
deaerator, and thus achieves a higher feed tempera- 
ture. There is little to choose between the two 
systems on a capital investment basis, and it is to be 
hoped that the future will see increased use of the 
pressure deaerator, which is at present almost com- 
pletely neglected by British manufacturers. 
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CONDENSATE EX PROCES‘ 


DEAERATOR 


TO 


Fie 1 (a) 


FEED SYSTEM WITH VACUUM DEAERATOR 
H.P PROCESS STEAM. 


20 PS). STEAM 


Fie 1 (6) 
FEED SYSTEM WITH DEAERATING HEATER 


Electricity 

Electricity is employed primarily as motive power 
for process drivers and for lighting, and its application 
is therefore both vital and widespread. The re- 
liability of the power supply system is of great 
importance, although an electrical failure of short 
duration need not be disastrous, provided the opera- 
tion of the other utilities can be maintained through- 
out the emergency. 

There are two basic solutions to the power distribu- 
tion problem applicable to refineries where electric 
power is purchased. 

They are the ring main system common in the U.K. 
and the radial secondary selective system more usual 
in the U.S.A. 

Fig 2 illustrates a typical example of the latter 
system. 

In essence this installation consists of an Electricity 
Authority substation supplied by two 132-kV feeders, 
in which the supply is transformed to 11 kV. From 
this point, the principle of duplication is preserved 
through the main 11/3-3-kV substations down to the 
unit substations in which the voltage is further trans- 
formed to 415 V, each of the duplicate transformers 
being large enough to carry the entire substation load 
in an emergency. 
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The consumers are shared approximately equally 
between the two transformers in each main and unit 
substation, and automatic bus-ties ensure that the 
effects of a fault occurring anywhere in the duplicated 
system are minimized in that motors which have been 
stopped by a fault on either side can be restarted a few 
seconds later. 

All motors are fitted with over and under voltage 
trip delays, and it is usual for all but the largest motors 
to stay on the line during an automatic bus bar 
changeover. 

Large motors operating at 3000 V are supplied 
directly from the 3-3-kV bus bars in the main sub- 
station, and most smaller drivers operating at 415 V 
are supplied from the unit or radial substations. 

Single-phase supplies at 240 V for lighting are taken 
from the unit substations to suitable lighting panels, 
from which 100-V or 55-V supplies for hand tools can 
also be obtained by the use of local transformers. 

Emergency lighting on the more important process 
units and utility installations is usually assured by the 
provision of small turbine- or diesel-driven generators 
fitted with automatic starting devices. 

In refineries where power is generated internally, it 
is the modern tendency to transmit at 11 kV to the 
main substations, whereafter the system follows lines 
similar to those of the one already described. 

Whether power is generated or purchased it is in the 
consumer’s interest to operate at as high a power factor 
as possible, because by so doing he will make the best 
use of his electrical supply equipment. If power is 
purchased on a kVA basis as opposed to a kW basis 
an additional incentive for power factor improvement 
will exist. kW agreements, however, are rare, and 
most electricity boards in any case stipulate a mini- 
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TYPICAL SYSTEM FOR DISTRIBUTION OF IMPORTED 
ELECTRIC POWER 


mum power factor at which the consumer must 
operate. 

In general, low power factors arise from a large pro- 
portion of the load being composed of small lightly 
loaded electric motors, welding loads, and fluorescent 
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lighting, so that a measure of control can be exercised 
at the design stage by care in sizing electric drivers. 
In refinery installations, however, considerations of 
reliability lead designers to load their electric motors 
fairly lightly so that other methods of power factor 
correction must be resorted to on occasion, and among 
these may be numbered : 


(a) The use of suitably adjusted synchronous 
motors for the larger drivers. 
(b) The use of static condensers. 


Synchronous motors are objectionable on account 
of their bulk and because of their susceptibility to 
system disturbances, a feature which renders them un- 
suitable for duties where a brief interruption of the 
drive could have serious consequences. 

The cost of synchronous motors is relatively high 
because of their associated exitation and starting 
equipment, and in most cases where an incentive for 
power factor improvement exists the installation of 
condensers will be justified. 

Electric motors are still the cheapest and most con- 
venient driver for all constant speed refinery equip- 
ment, and it is probable that their widespread use will 
continue for such applications where the power supply 
can be assured. Soth domestic generation and pur- 
chased power installations can be made to have 
virtually 100 per cent reliability so that the choice of 
electric or other drivers becomes chiefly a question of 
convenience or the need to preserve a balance between 
HP and LP steam production. Some duplication of 
electric by steam drivers may, however, be considered 
justified for vital utility and process applications. 


Water 


In an oil refinery water is used for the following 
duties which are mentioned in order of magnitude : 


(a) as a coolant; 

(b) for boiler feed ; 

(c) for domestic uses, ashore and on board ship ; 
(d) for product washing and other process use. 


For all but (a) fresh water will be required, and if a 
suitable source exists, fresh water will be the natural 
choice for the whole refinery supply. By far the 
greatest demand, however, is for cooling water, and 
where no adequate source of fresh water exists salt 
water is sometimes used as a coolant. 

In the hypothetical 150,000-b.d. refinery in which 
all electric power is purchased and with 30 per cent 
of the steam going to condensing drivers, the total 
water demand might amount to as much as 100 x 106 
g.p.d., and the process cooling water load would 
account for some 98 per cent of this total. 

The next largest consumer, the boilers, would 
account for 90 per cent of the remainder, from which 
it is evident that these two fields offer the greatest 
scope for economy in design. 

Cooling water systems can be sub-divided into two 
main categories : 
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(a) Once-through systems in which the whole 
of the water is discarded after use. 

(6) Recirculatory systems in which the heated 
water is cooled evaporatively, and re-used. 


The economies in water that can be effected by use 
of system (6) are obvious. Unfortunately, however, 
it is a requisite of such systems that the water should 
be fairly clean, and since much of the cooling water 
flow in a refinery becomes contaminated with oil, it 
is necessary to confine the use of cooling towers to 
certain clean water streams. 

The position is altered appreciably where power is 
generated by condensing turbines or where a large 
number of these are used as drivers of process plant, 
for from 5 to 10 gal of water are required for the con- 
densation of each 1 lb of steam, and the effluent from 
steam condensers is quite clean, and can therefore be 
recirculated indefinitely over a cooling tower. 

Cooling towers, therefore, are an attractive proposi- 
tion where there exists a considerable and con- 
centrated source of clean effluent. They also find 
application in very large refineries, where expansion 
takes the latest process units so far from the primary 
water source as to render its further exploitation un- 
economical. 

Before leaving the subject of cooling towers, it 
should be mentioned that both natural draught and 
induced draught types find application in oil refineries, 
the former being more generally associated with large 
permanent installations, such as power stations. 

The capital cost of the reinforced concrete natural 
draught tower is about 50 per cent higher than its 
induced draught counterpart on a basis of equal 
capacity, but the operating and maintenance costs of 
the latter are considerably higher, and on an amortisa- 
tion basis there is little to choose between them. 

Once-through systems are then the commonest 
solution for the refinery cooling water problem, the 
main difference between individual systems being in 
the nature of the pumping installation and the 
materials used for piping. 

Where, because of an elevated or distant site, high 
pumping heads are involved, double pumping may be 
resorted to. Considerations affecting the choice of 
such a system are the cost of large diameter high pres- 
sure piping and the difficulty of combining high pump 
discharge heads with the very large capacities that 
will be required for refinery cooling duties. Where 
double pumping is employed, some form of storage 
capacity is frequently provided from which the 
secondary pumps take their suction. This arrange- 
ment has the advantage of providing at once a safe- 
guard against temporary failure of the primary pumps 
and a conveniently situated reserve of water for fire 
fighting purposes. 

Where possible simple horizontal, split casing, cen- 
trifugal pumps are favoured because of their inherent 
reliability and because of the ease with which they can 
be serviced, but where the need for high pumping 
heads is encountered multi-stage mixed flow or 
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centrifugal pumps are often used. Pumps of this kind 
are compact and flexible, and where they are designed 
for vertical installation a very neat and space-saving 
lay-out can be achieved. Their first cost, however, is 
relatively high, and their maintenance, costly and 
time consuming, particularly in the case of vertical 
installations. Vertically mounted multi-stage pumps 
are, however, attractive for jetty end installations, 
where space is at a premium and where foundation and 
construction costs are exceptionally high. 

Wherever salt water is pumped, corrosion becomes 
a serious problem in both pumps and lines alike. The 
design of pumps, particularly as regards specific speed 
and head per stage, has great bearing upon their re- 
sistance to corrosion, for upon these factors depends 
the tendency toward cavitation under given suction 
conditions. Pumps of all types can, however, be 
made to give satisfactory service with salt water 
provided sufficient care is * -cised in the choice of 
materials and, in particular, in the elimination of 
electrolytic couples. Certain stainless steels appear to 
be the most satisfactory materials for pumps in salt 
water duty, but the aluminium bronzes also give good 
service. 

The suitability of cast iron as a pump material 
seems to depend to a greater extent upon the con- 
ditions of its use, and cases are known where single- 
stage volute type pumps having cast iron casings and 
aluminium bronze impellers have given long and satis- 
factory service in salt water duty, whereas high-speed 
mixed flow pumps of similar material specification and 
pumping the same water against a greater head have 
suffered severe electrolytic attack. 

This experience suggests that while cast iron will 
give satisfactory service in salt water duty, so long as 
it is not subjected to the offects of high water velocity, 
its use is probably better avoided in high-head in- 
stallations, although the severity of the duty in such 
cases might be reduced by increasing the number of 
stages. 

The large diameter piping associated with refinery 
covling water systems may account for as much as 
30 per cent of the total cost of the installation, and it is 
therefore of interest to examine the respective merits 
of the alternative materials from which such piping 
can be constructed. 

Cast iron piping, which is the most expensive of the 
alternatives, is widely used because of its inherent 
resistance to corrosion which renders it particularly 
suitable for buried service. Suitably jointed, it is 
suitable for any pressures likely to be encountered in 
refinery cooling water service, and it is relatively re- 
sistant to corrosion even without special treatment. 
The main disadvantages of cast iron piping are its 
high cost; the fact that it is not normally made in 
diameters exceeding 48 inches; and its relative 
mechanical veakness, necessitating very solid support 
to avoid damage by subsidence. 

Steel piping, which is light, strong, and unrestricted 
as regards size or pressure rating, costs less than half 
as much as cast iron even when internally coated with 
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bitumen. Where steel pipe is to be buried, however, 
the necessity for providing permanent protection 
against external corrosion will bring the total cost up 
to about the same level as that of cast iron piping. 
Proneness to corrosion is in fact the main disad- 
vantage of steel piping and becomes a special problem 
in salt water service because the most economical of 
the protective coatings, bitumen, is itself vulnerable 
to attack by barnacles, which almost inevitably 
attach themselves to sections of line carrying clean 
salt water. Other protective linings suitable for steel 
piping are pressure applied cement and various syn- 
thetic rubbers. 

Cement linings are unaffected by barnacles and are 
satisfactory provided a sufficient and uniform thick- 
ness can be obtained. It is extremely difficult to do 
this at joints and bends, where the special application 
machinery cannot be used, and failures of cement 
linings at such places do occur. Some but not all of 
the synthetic rubbers are resistant to barnacle attack, 
but their cost is at present so high as to raise the cost 
of internally protected steel piping above that of cast 
iron. The third alternative, pre-cast concrete piping, 
is suitable for very low pressure only, and shares with 
cast iron the disadvantage of comparative brittleness. 
It is, however, corrosion resistant, and since its cost is 
little more than one-quarter that of cast iron, it be- 
comes an attractive proposition for the low pressure 
stages of multi-lift systems. 

Figs 3 (a) and (6) show two alternative pumphouse 
arrangements for a tidal water source. A tida! varia- 
tion of 15-20 ft would necessitate either of these pump- 
houses being located in fairly deep water if satis- 
factory suction conditions for the pumps are to be 
assured, and this factor will render their construction 
very costly. 

The “dry”? pumphouse which makes possible the use 
of horizontal split casing pumps, so desirable from a 
maintenance view-point, will be more costly than the 
alternative. This extra cost is in part due to the 
greater foundation area and in part to the need for 
providing a floor of sufficient beam strength to with- 
stand the displacement upthrust. 

The horizontal split casing pumps used in this 
scheme will, however, be less costly than the vertical 
pumps of the “ wet ’’ pumphouse, which if the delivery 
pressure is great may have to hove two or more stages. 
Notwithstanding this fact, there will remain a sub- 
stantial net cost differential in favour of the “ wet” 
pumping installation. 

It would be wrong to leave the subject of cooling 
water facilities without mentioning the need for the 
control of fouling by marine growths, both animal and 
vegetable. Under favourable conditions sea-weeds, 
molluses, crustacea, and fish will all flourish in the 
open parts of a cooling system such as tanks and cooler 
boxes; and many are apparently capable of living 
also in total darkness, provided an adequate supply of 
oxygen is maintained. 

These creatures are troublesome mainly when dis- 
lodged from their normal habitat, they cause choking 
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of heat exchangers and unit strainers, and the first 
step in their control is therefore the exclusion of adult 
specimens from the system by means of suitable 
mechanical screens at the pumphouse. Even so, a 
sufficient number of embryonic or adolescent speci- 
mens will get past the pumps to develop in the breed- 
ing places already mentioned unless checked by 
chemical dosage. Such dosage generally takes the 
form of chlorine injection at the primary pumphouse, 
the injection rate being controlled so as to maintain a 
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residual of 0-5 p.p.m. in any tanks in which breeding 
or growth could take place. A point of special 
interest is that chlorine cannot be relied upon to 
eliminate barnacles which almost invariably attach 
themselves to parts of the system where there is 
sufficient turbulence to ensure them a copious food 


supply. These creatures appear to be capable of 
shutting themselves up for considerable periods when 
conditions are unacceptable to them and no economic 
dosage of chlorine seems to have any appreciable effect 
upon them. Their nuisance value, however, is con- 
fined to their tendency to puncture bituminous and 
certain other coatings and to the fact that if allowed 
to accumulate for very long periods they will increase 
the friction factor of the lines, 
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Boiler Feed 

The make-up water for the refinery boilers may be 
derived from a number of different sources, such as 
municipal systems, privately owned water wells, 
nearby rivers, or from the refinery cooling water 
system itself if the water is of suitable quality. In all 
cases the water will require treatment for the removal 
of ‘‘ hardness,” and sometimes filtration or settling 
also will be necessary. There is available today a 
variety of treatment methods, all of which are capable 
of producing water of substantially zero hardness, and 
the particular method used will depend on the nature 
of the raw water. The detailed discussion of this sub- 
ject is outside the scope of this paper, but it may be 
said in general that the designer of these facilities will 
have to choose a treatment capable not only of pro- 
ducing a water of zero hardness but also of reducing 
the dissolved solids and alkalinity to acceptable 
limits. Complete demineralization is the ideal, but 
this process is still extremely expensive, and its use is 
therefore likely to be confined to installations where 
the use of high-pressure boilers necessitates a feed of 
first quality or where the make-up rate is kept low. 


Potable Water 


The potable water requirements of a refinery, 
although small in relation to the total demand, are 
considerable when compared to those of a housing 
area of similar dimensions chiefly because of the large 
quantities of water that must be supplied to ships 
visiting the refinery marine terminal. It would be 
logical to make use of any adequate municipal supply 
which might exist in the vicinity of the refinery, since 
this would relieve the management of any anxiety con- 
cerning the quality of the drinking water at little or no 
extra cost. Where no local municipal supply exists or 
where the local supply is too small, it then becomes 
necessary to draw on refinery fresh water supplies. In 
such case, the water would require chlorination and 
possibly other treatment to render it fit for drinking, 
and the approval of the local Health Authority would 
have to be sought before such a step could be taken. 


Compressed Air 

The consumption of compressed air on a refinery 
may be broadly sub-divided under the headings 
“‘ Instrument Air” and “‘ Maintenance Air.” 

Apart from driving maintenance equipment, re- 
finery maintenance air is also put to other uses, such 
as agitating tank contents for mixing purposes, 
flotation of heavier than water sludges, etc. In a 
typical refinery the demand for maintenance air, 
which is a fluctuating one, might be anything from 
three to five times that for instrument air. Apart 
from this the principal difference between the supplies 
lies in the fact that the “‘ instrument air ” which must 
be filtered and absolutely dry to avoid fouling and 
freezing is normally used at 50 p.s.i., whereas main- 
tenance air is supplied direct from the compressors at 
about 100 p.s.i. Fig 4 shows a typical refinery air 
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system in which the 100 p.s.i. air from the com- 
pressors passes through an after cooler to the air re- 
ceivers and thence out into the system. At a suitable 
point after the air receivers, a supply is taken off for 
the instrument air system. This air passes through, 
first, an oil removal trap, then one-half of a silica-gel 
drier to the instrument air mains, the pressure being 
reduced to 50 p.s.i. in a suitable valve after the drier. 
The two halves of the drier are used alternately on a 
timed cycle controlled by the automatic operation of 
two four-way valves, which admit heated regeneration 
air to one-half of the drier while the other is in use. 
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The spent regeneration air is cooled before being 
returned to the drier intake so that the entrained 
moisture may be condensed and trapped. 

Devices of this kind will produce air dried below any 
dewpoint likely to be encountered in service, and will 
operate reliably for long periods without special 
maintenance. 

Instrument air is one of the most critical utilities, 
in that a total failure of only short duration will affect 
all processes simultaneously, and could precipitate a 
major calamity. A total instrument air failure can 
be rendered extremely unlikely by the provision of 
both steam and electrically driven compressors and 
by ensuring that sufficient steam-driven compressors 
are always running to cover the possibility of an elec- 
trical failure. At times when for any reason it is in- 
convenient to base load the steam-driven compressors, 
the air receivers would provide sufficient capacity to 
safeguard the instrument air supply, while they are 
being started. It is necessary, however, to ensure that 
the receivers are not rapidly drained by heavy main- 
tenance air demands, and to this end a back-pressure 
control valve is usually provided to throttle the 100 
p.s.i. air supply when the pressure falls by a pre- 
determined amount. 

Both centrifugal and reciprocating compressors find 
application in oil refineries, the former generally for 
the larger installations. The first cost of centrifugal 
compressors is considerably higher than that of reci- 
procating compressors, and their principal advantage 


lies in the fact that they will operate for very long 
periods without maintenance. It is worthy of men- 
tion that the reciprocating compressor at its best is an 
extremely noisy machine, and while this may not, at 
first sight, appear to be a very serious disadvantage, 
it can result in a real nuisance where the installation 
is adjacent to offices or control rooms, for there seems 
to be no means of silencing the low frequency throb 
which emanates from reciprocating compressor air 
intakes. 

At a cost of approx 3d. per 1000 standard cu. ft., 
compressed air represents a relatively expensive 
source of power for hand tools when compared with 
electricity. On refineries, however, it is almost ex- 
clusively used in preference to electricity for safety 
reasons, and it possesses at the same time the ad- 
vantage of providing much more power in an appliance 
of given bulk and weight. 

Except by elimination of leakage there is little 
scope for economy in the consumption of com- 
pressed air on a refinery, and the most serious cause of 
excess consumption is probably unauthorized use. 


Refinery Fuel 

There is at present a rapidly expanding market for 
various grades of fuel oil for supply to industrial con- 
sumers. On the other hand, refinery gas of average 
composition C, or lower has not as yet found any 
appreciable outlet as a product in the U.K., although 
the position is changing gradually as the Gas Boards 
become interested in such supplies, and refinery 
gases are already marketed in certain localities in the 
U.S.A. 

Both gas and oil fuel are burned in the various 
furnaces of an oil refinery, and it is obvious from the 
foregoing that it is at present expedient to burn gas 
in preference to oil, and in any case gas is the preferable 
fuel, both from the point of view of operability and 
furnace maintenance. The gas production of a 
refinery fluctuates under normal conditions, and can 
be subject to almost total failure in the event of a 
process upset on the principal producing units. Be- 
cause of this it is necessary to maintain a fuel oil 
system capable of supplying at short notice the entire 
heat requirement of all refinery furnaces. It is also 
necessary to have in operation at each furnace a 
minimum number of oil burners to ensure reliable 
ignition in the event of a gas failure, and it follows that 
the fuel gas and fuel oil systems must operate simul- 
taneously and in sympathy with one another. Fig 5 
illustrates one system by which this can be achieved. 
In this diagram the gas producers are shown dis- 
charging to the fuel gas main through a sulphur re- 
covery plant wherein the H,S content of the gas is 
reduced. 

Consumers in the shape of various process and boiler 
furnaces draw their supplies from the fuel gas main, 
in which a substantially constant pressure is main- 
tained by a pressure controller. Pressure in excess of 
the set pressure of this instrument results in gas being 
vented to the flare through a motor valve. 
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The flare also provides a disposal channel for gases 
emanating from the blowdown facilities and light slop 
storage during emergency conditions. 

Fluctuations in the gas production are accommo- 
dated by automatic control of the secondary fuel 
supply, and in order that the process furnaces shall 
have the benefit of relatively steady operation this 
automaticity is generally confined to the steam plant, 
which will in any case be by far the largest fuel con- 
sumer. For this reason, a pressure controlled motor 
valve is installed in the gas supply line to the steam 
plant so arranged that it will throttle the supply to 
that consumer should the gas main pressure fall below 
the set pressure. 

The steam plant fuel control or “fireman” valves 
are operated by the steam main pressure controller, 
and will therefore respond immediately to the 
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throttling of the gas supply by the introduction of more 
oil fuel. 

From the foregoing it will be evident that substantial 
flaring should occur only when the gas production 
exceeds the combined utility and process demands. 

Because fuel oil is a marketable product there is an 
incentive to burn in the refinery only the most viscous 
basic component undiluted by relatively costly 
blendstocks. 

This basic component, generally atmospheric or 
vacuum pipestill bottoms, could have a viscosity of 
1800 8.8.F. at 210° F and a pour point as high as 150°- 
200° F. In order to handle a fuel of this kind, it is 
necessary to heat it to some 450° F, at which tem- 
perature its kinematic viscosity would be about 20 cS, 
which is the normal viscosity required at steam atomiz- 
ing burner tips. The fuel oil system shown consists 
of a fired heater through which the oil is pumped into 
a distribution loop. The pressure in this loop is 
determined by the setting of the recycle valve through 
which oil not burned by the consumers is returned to 
the storage tanks. 

The distribution loop is insulated, but need not be 
heated, and an acceptable temperature at all points 
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on the circuit is assured by maintaining a suitable 
recycle rate. 

From the foregoing description of the fuel systems 
it will be evident that apart from any question of 
marketability, an economic incentive will exist for 
burning gas in preference to oil, in that both fuel for 
heating and steam for atomization must be con- 
sumed in order to make the fuel oil usable. This 
statement is true at present, but it is possible that 
future developments will open up such markets for gas 
as will completely reverse the position and make pre- 
ferable the burning of heavy residues or even blended 
fuels, notwithstanding the extra charges associated 
with their use. 


THREE APPROACHES TO THE POWER 
SUPPLY PROBLEM 


Having discussed in turn the individual services, it 
is now of interest to examine more closely some effects 
of combining the two principal utilities, steam and 
electricity, in a central generating station. 

For the purpose of this study three alternative in- 
stallations are considered, each applied to the hypo- 
thetical refinery case which was postulated earlier 
in this paper. In making use of such an illustration, 
it is necessary to bear in mind that economic con- 
ditions obtaining in different parts of the world will 
favour different solutions. 

In the U.S.A., for instance, the current trend in 
refinery utility installations is toward the elimination 
of the internal power station, and in certain cases, 
where the refinery can be located close to a suitable 
source, not only electric power but also steam is im- 
ported, liquid or gaseous fuel being supplied in return. 
In the U.K., on the other hand, and on the Continent 
of Europe, the majority of refineries have some form 
of power generating installation with or without a 
“ce grid link. 

The U.S. trend is primarily due to economic con- 
ditions peculiar to the U.S.A. There, petroleum 
derived fuels have entered further into the national 
economy than is the case anywhere else in the world, 
and because of this, there is a greater degree of inte- 
gration between petroleum refiners, chemical manu- 
facturers, and the power undertakings which have 
appeared in the form of privately owned utility supply 
companies wherever a sufficient concentration of 
industry exists. 

It is obvious that a well run company equipped for 
no other purpose than the supply of steam and power 
would prove a rival with which no refinery utility in- 
stallation could compete. When it is also realized 
that the capital saved by elimination of the refinery 
boilers and generators can be devoted to the purchase 
of productive plant it will seem surprising that so 
attractive a development has not yet taken place in 
Europe. 

Many British and Continental refineries, situated 
as they are in undeveloped and sparsely populated 
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areas, do not offer so good a field for exploitation as do 
U.S. counterparts, and because these factors have so 
far excluded the separate utility company, refinery 
operated steam and power generating stations are 
economically attractive. 

Since in the U.K. the Electricity Authority gen- 
erates power by means of fully condensing turbines, 
there will be, all things equal, no incentive for the use 
of similar equipment within the refinery. 

The generation of power by means of turbines whose 
exhausts will also supply the process steam is, however, 
highly advantageous. 

In order to demonstrate these facts, Case No. 1, that 
of a simple installation where the whole of the power 
requirement is purchased, will first be examined so 
that it may form a basis for comparison with the 
alternatives, all of which are considered as applied to 
a 150,000 b.d. refinery. The utility flow diagram for 
this case is illustrated in Fig 6, and from this it will be 
seen that the boilers generate steam at 135 p.s.i. and 


ALL ELECTRIC POWER PURCHASED 


CASE 1. 


For the operation illustrated the total steam pro- 
duction is 600,000 lb/hr, consumed in the following 


manner : 


Condensing process drivers 180,000 Ib/hr 


Non-condensing drivers including boiler auxili- 


aries 240,000 Ib/hr 
Process heating and other uses. 180,000 Ib/hr 
20 p.s.i. exhaust steam for — and feed 

heating . 240,000 Ib/hr 


The of electricity i is 14,000 kW. 


Under this design condition a very fair degree of 
balance exists between the LP steam consumption and 
production. 

Other conditions can exist when the balance will be 
less perfect, and for this reason provision is made both 
for augmentation of the LP steam supply from the HP 
main in the event of a deficiency and for the disposal 
of any surplus which may exist after the feed heating 
requirements have been satisfied. 

In order that the surplus LP steam may be disposed 
of without nuisance or waste, “ gilled tube ” air heaters 
are provided on the boilers in which this steam can be 
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condensed. The “surplus” in the case illustrated 
would be little more than sfficient to heat the air to 
one boiler, but as already mentioned this is the design 
condition, and the primary function of these air 
heaters is to provide capacity for the absorption of 
greater surpluses under conditions of less perfect 
balance. 

Turning now to the boiler feed system, it will be 
observed that there is a net condensate production of 
100,000 Ib/hr returned to the boiler hotwell, and after 
making due allowance for boiler blowdown and the 
feed heating contributions a treated water make up of 
453,000 lb/hr is required. 

This make up amounts to nearly 70 per cent of the 
total feed, but since the boilers are of relatively low 
pressure rating simple lime-soda or ion exchange 
treatment will suffice. 

Use of the surplus LP steam in the feed heating 
deaerator achieves a feed temperature of 258° F. 

The heat in the steam above feed temperature will, 
therefore, be 1024 B.t.u/Ib, and assuming a boiler 
efficiency of 80 per cent a fuel equivalent of 


(600,000 x 1024 x 100)/80 = 770 x 106 B.t.u/hr 


will be required for steam raising. 

It is now necessary to calculate the fuel equivalent 
of the purchased power, and since the fuel component 
of the cost per unit will be based upon the fuel con- 
sumed at the power station, it is necessary to take into 
consideration efficiency of generation. 

The fuel equivalent of the 14,000 kW of purchased 
electricity therefore, assuming an overall efficiency of 
25 per cent is— 


(14,000 x 3413 x 100)/25 = 191 x 10° B.t.u/hr 


so that the total fuel equivalent of the steam and 
power requirements in this case will be: 961 x 10° 
B.t.u/hr 


or (961 x 10° x 24)/150,000 = B.t.u/brl of crude 
throughput 


In essence, therefore, the main characteristics of 
this system are simplicity and low capital outlay, and 
its efficiency may now be compared with the more 
elaborate and costly Case 2 and 3 installations, using 
the heat equivalent of the steam and power require- 
ments as a basis. 

Case 2, which is illustrated by Fig 7, consists of an 
identical refinery operation in which the whole of the 
electric power requirement is supplied by back- 
pressure turbo-generators fed with steam at 600 p.s.i. 
at 850° F from high-pressure boilers. The 135 p.s.i. 
process steam is supplied by the generator turbine 
exhausts, and has accordingly slightly more superheat 
than its equivalent in Case 1. Assuming that the 
turbo-generator has an overall efficiency of 67-5 per 
cent, 67-5 x (1432 — 1270)/100 = 109 B.t.u. will be 
converted to power for every | Ib of steam entering the 
turbine. This is equivalent to the generation of 
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about 32 kW/1000 lb of steam, and it will be evident 
that the Case 1 requirement of 600 M lb/hr process 
steam can be supplied only by generating a surplus 
of 5200 kW or by bleeding steam through the 600 — 135 
p.s.i. by-pass which would be uneconomic. A state 
of approximate balance can, however, be restored if 
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some of the condensing process drivers are replaced 
by electric drivers, and this condition, which is 
illustrated in Fig 7, will be the normal operation for 
which the installation is designed. 

Any change in operation which brings about a 
change in the ratio of the process steam and power re- 
quirements will disturb the balance afresh and will 
necessitate either the disposal of surplus 135-p.s.i. 
steam or the “ bleeding down ” and desuperheating of 
600-p.s.i. steam as the case may be. Provision for the 
disposal of surplus 135-p.s.i. steam up to a total of 
about 80 M lb/hr is made by means of high-pressure 
feed heaters which return condensate to the hotwell. 

These heat exchangers will be oversized for normal 
operation and, like the air heaters, are regarded 
primarily as a means of absorbing surplus steam 
without waste. 

Although the condensate from process sources has 
dwindled to a mere 8 per cent of the total feed in this 
case, there is a greater contribution from feed heating 
so that the treated water make-up remains around 
70 per cent. In view, however, of the high pressure 
of generation, demineralization will be called for. 

Since in this case the whole of the electricity is 
generated by the passage of some of the high-pressure 
steam through the back-pressure turbines, the heat 
equivalent of the steam and electricity requirements 
can be calculated in one step. 

The feed temperature in this case has been in- 
creased to 280° F by the passage of surplus 135-p.s.i. 
steam through the high-pressure feed heater, and the 
heat in the 600-p.s.i. steam above feed temperature is 
therefore 


1432 — 248 = 1184 B.t.u/lb 
If the boiler efficiency is assumed to be 80 per cent 
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as before, the heat equivalent of the steam and elec- 
tricity in this case will be : 


547,000 x 1184 x 100 = 810 x 10° B.t.u/hr 
or (810 x 10% x 24)/150,000 = 130,000 B.t.u/bri 


showing a saving of 24,000 B.t.u/brl over Case 1. 

The use of back-pressure turbines for power 
generation represents the theoretical ideal, in that the 
energy waste associated with condensing the exhaust 
steam is avoided. 

The principal limitation of such a system is its 
relative lack of flexibility, which necessitates the dis- 
posal of quantities of medium-pressure steam or the 
degrading of high-pressure steam during operations 
when the design state of balance is not achieved. 

It is this feature which probably accounts for the 
rarity of back-pressure generation as the sole source 
of power supply in refinery installations. Where such 
an installation can be operated in parallel with the 
“ grid” these objections are largely overcome, as is 
the case where back-pressure generators are operated 
in conjunction with condensing generators to which 
some of the electrical load can be transferred when 
the medium-pressure steam production exceeds the 
process demand. 

The admixture of back-pressure and condensing 
generators is often achieved by combining the two in 
a single unit, the “pass out” turbine. Case 3, 
which is a study of this type of installation, is illus- 
trated in Fig 8. As in Case 2 the steam is generated 
at 600 p.s.i. and 850° F, but in this case it is supplied 
to the power generating turbines at the rate of 590,000 
lb/hr, the process steam requirement extracted at 135 
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p.s.i. and 575° F, producing about 15,000 kW in its 
passage through the turbine. The total power 
demand has, however, risen to 26,100 kW, due to the 
electrification of the remaining process condensing 
drivers, and the balance of 11,000 kW is generated by 
the remaining 105,000 lb/hr steam passing through the 
LP end of the turbine to the condenser. 

The condensate from process sources has diminished 
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due to the suppression of the condensing drivers, but 
the power turbine condenser makes a nearly equivalent 
contribution, and thanks to a greater recovery from 
feed heating the treated water make-up is about 
70 per cent of the total feed, as in Case 2. 

Pass out turbines can be so designed that any chosen 
power output can be developed when anything be- 
tween 10 and 100 per cent of the total steam is being 
condensed. By varying the proportion of feed steam 
passing to the condenser, wide variations in the ratio 
of “ pass out” steam and power production can be 
achieved, and these will accommodate any fluctua- 
tions in process steam demand which may occur from 
operational changes. 

The pressure reducing valve and desuperheater be- 
tween the 600- and 135-p.s.i. systems is therefore 
provided in this case to cover emergency conditions 
only, and the high-pressure feed heating system 
similar to that employed in Case 2 can now be loaded 
to the optimum extent, resulting in a final feed tem- 
perature of 327° F. The heat above feed water tem- 
perature is, therefore, 1432 — 340 = 1092 B.t.u/lb in 
this case and the heat equivalent of the steam and 


power 


(590,000 x 1092 x 100)/80 = 807 x 10° B.t.u/hr 
or (807 x 10® x 24)/150,000 = 129,500 B.t.u/brl 


The principal features of the three cases are set out 
for comparison in Table I, and it will be evident that 
the Case 3 installation consumes less fuel per barrel 
of refinery throughput than either of the other cases. 


Taste I 
Heat-based Comparison of Cases 
Oase 1 Case 2 Case 3 
Total generated steam —. aiid 600,000 547,000 590,000 
Total power requirement, kW 14,000 17,520 26,100 
Process steam requirement, lb/hr . 547,500 487,000 
Hourly consumption of fuel equivalent for 
steam and power generation, B.t.u/hr . | 961 x 10*/| 810 x 10*| 807 x 10* 
Heat equivalent of steam and ee used, 
B.t.a/hr_ . 662 x 10*| 639 x 563 x 10* 
Overall efficiency of steam and ‘power 
generation, % 69 79 70 
Consumption of fuel equivalent per ‘barrel 
throughput, B.t.u 154,000 180,000 129,500 
Annual cash saving in fuel over Case 1 at 
£0-96/bri F.O.B. £200,000 | £204,000 
Approximate percentage additional ‘utility 
capital investment over Case 1, % f -- 24 42 
Ap net water over 
Gase 1, T G.P.H. ~- 350,000 500,000 


There is, however, little to choose between Case 2 and 
Case 3 in this respect, and both of the power generation 
cases show a fuel saving of about £200,000 a year over 
Case 1 with purchased power. 

Further, no allowance has been made in respect of 
interest on borrowed capital or depreciation, or for 
cooling water requirements. 

Incremental investment over Case 1 will be required 
for both Case 2 and Case 3 installations, and the 
approximate percentage increments are shown in the 
last column of Table I. 

The use of actual investment figures has deliberately 
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been avoided because for the purpose of such a hypo- 
thetical study as this they are apt to be somewhat 
meaningless. 

The inclusion of investment charges would reverse 
the relative positions of Case 2 and Case 3, making 
Case 2 the more attractive, and by approximately 
doubling the cost of the purchased electricity in Case 
1 would very greatly increase the incentive for in- 
ternal power generation. As regards cooling water, 
because the condensing process drivers of Case 1 
are backed out against electric motors in Cases 2 and 
3, net water savings are achieved, which further add 
to the attractiveness of power generation. 

There remains to be explained a seeming paradox, 
the fact that the Case 3 installation, which consumes 
less fuel per barrel than the others, has a thermal 
efficiency only slightly in excess of Case 1 and con- 
siderably less than that of Case 2. 

The explanation lies in the fact that the efficiencies 
shown in this case are the overall efficiencies of steam 
and power generation, whereas the fuel requirement 
per barrel is dependent also upon the efficiency of 
steam and power utilization. In Case 3 more fuel is 
required to produce a given quantity of steam and 
power energy than in Case 2, but owing to the replace- 
ment of the process condensing turbines by more 
efficient electric motors a much smaller total quantity 
of energy is required to process a barrel of crude. 

This revelation lays emphasis upon the principal 
limitation of the thermally efficient back-pressure 
system. Unless the steam demand can be maintained 
at a relatively high level in relation to the power re- 
quirement a workable state of balance cannot be 
achieved with back-pressure generators, and for a 
given process energy demand this places a definite 
upper limit upon the number of electric motors that 
can be used as drivers. 

The occasional “ bleeding down ” of high-pressure 
steam is not a very serious disadvantage, but the 
problem of having to dispose of a large surplus of 
medium-pressure steam can be very real indeed. 

The device of using the available capacity in a 
secondary feed heating system as a buffer on which to 
absorb the fluctuations in steam production is, so far 
as the writer is aware, untried, the more usual method 
of absorbing such fluctuations being by the provision 
of steam turbines as standby to some of the electric 
drivers. The latter arrangement is not a particularly 
convenient one, in that it generally places the control 
of this facility in hands other than those responsible 
for the operation of the utilities, though this would 
not be the case where a sufficient number of alterna- 
tive drivers could be arranged on cooling water pumps 
or air compressors, all of which are normally under 
control of the Utilities Supervisor. 


WHAT OF THE FUTURE? 


It would be wrong to discuss the subject of utilities 
without indulging in some speculation as to the 
possible trend of future events. Steam, the principal 
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utility, is likely to remain as the most convenient 
means of transmitting controlled heat from one place 
to another. The larger steam turbines will, however, 
probably give way to gas turbines, particularly when 
the difficulties associated with the use of residual 
fuels in these prime movers have been overcome. 
The small non-condensing steam turbine will probably 
remain in the applications where it is used at present, 
because its choice for these duties arises from its re- 
liability and convenience, which are unlikely to be 
surpassed. 

A field in which steam is likely to be superseded by 
electricity is that of tank heating and line tracing, 
which duties can be performed superlatively and 
economically by the recently developed electrical 
heating cables. As these cables are developed for use 
with higher temperatures, they are likely to revolu- 
tionize also the refinery fuel oil systems by the elimina- 
tion of costly fired furnaces, but in order to do this 
they will have to be made capable of operating for long 
periods at temperatures between 400° and 500° F. 
Boiler systems are unlikely to change very much, 


J. 0. 
were not touched on in the question of refinery utilities. 
In the paper Mr Shaw mentioned that effluents had been 
excluded. I had been looking forward to this point of 
great interest, which merits an entire paper; and which 
should be considered as an essential refinery utility. 

Refinery utilities, or off-side facilities, represent a 
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growing proportion of the projects they serve. One can 
build either a smal) refinery or a large process plant with 
pre ve investments of the order of £14-3 million, whose 
off-site facilities and the utilities grouped together may 
represent capital of 14 to 2 times that of the plant itself. 
Therefore, these points which have been brought forward 
by Mr Shaw are very pertinent because they bear on at 
least 50 per cent of the troubles associated with process 
plants during their life. 

In the paper, steam-raising is considered as a fairly 
straightforward matter, but in fact it is becoming more 
and more complicated because the day has gone when one 
relied upon simple boilers without air heaters and 
economizers. My Company has been using air heaters in 
boiler plant to effect economy for several years. The 
complexity arising from their use is very small compared 
with the benefits obtained from their application. 
Economizers are also becoming more usual. 

The question of the pressure at which steam is raised 
is important, particularly when one comes into the 
power generation field. My Company had a similar 
problem to that put forward by Mr Shaw involving 
alternators as shown and found very much the same 
answer. It is, however, thinking of installing boilers of 
1500 age pressure, which is high by refinery practice, 
but the benefits obtained from that high pressure, the 
efficiency gained, and the heat transfer level achieved, 
are well worth while providing they are coupled with 
power generation. 

In the cases seen here which are based on a green-field 
site, steam and electricity are grou together because 
they are interlinked, and the problems that arise when 
studying this type of arrangement are infinitely more 
complex when associated with running plants. 

The problems my oe has studied are those 
involving the expansion of existing services, and it is 
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although national economy drives may bring about the 
more widespread use of air heaters and economizers, 
which is at present avoided mainly because of the cor- 
rosion and fouling troubles associated with their use 
at part loads. It is also possible, although this is 
looking into the very far distant future, that atomic 
energy will replace fuel firing in the larger power or 
steam generating installations. 

The electric motor will amost certainly hold its own 
in many fields because of its convenience and cheap- 
ness, but like the steam turbine, it may be ousted by 
the gas turbine for the very large installations, in 
which its advantages are less marked. 

Another respect in which the utility scene is likely 
to change is in the field of instrumentation, where 
electricity will probably supersede compressed air to 
a great extent. 

The tendency in the U.S.A. toward the elimination 
of the internal power station has been mentioned, and 
it is probable that the same trend will follow in the 
U.K. if future refineries and power stations are de- 
veloped together in concentrated industrial areas. 


believed that the back-pressure turbo alternator, as 
stated by Mr Shaw in his second case, is the answer. A 
degree of flexibility is obtained by running in parallel 
with the grid, and one does not have to rely upon “ play- 
ing around ” with surplus steam to achieve flexibility. 

This is obtained by power generation, and its level is 
determined by the amount of low-pressure steam 
required. Low pressure is perhaps a misnomer, because 
one is dealing with a different range of aes My 
Company thinks of low in this instance as being 250 p.s.i., 
which is that of the normal process steam, and the 
pressure at which steam is raised in the present refinery 
utility boilers. 

Taking into consideration the existing boilers, the 
refinery is in the happy position of having an extra degree 
of latitude in the overall scheme. Running in parallel 
with the grid, it is possible to generate or not, make low- 

ressure steam or not—it depends on the running of the 
k-pressure turbines. It is interesting to find that 
the result at which my Company has arrived is the same 
as that derived by Mr Shaw in that back-pressure 
generation is economical and in spite of a large capital 
investment in the high-pressure boilers and the associated 
equipment, one can show a pay-back in something like 
three years. 

In the train of the high-pressure boiler come associated 
problems of feed water, because a much higher quality 
foed is essential, a demineralized water is necessary 
which adds to one’s capital investment. 

The actual sizes of the boilers mentioned in Mr Shaw’s 
paper were of the order of 300,000—500,000 Ib/hr. The 
500,000 lb/hr size is on the high side, and my Company 
holds itself down unitwise to about 150,000 lb/hr. 

Could Mr Shaw tell us his reason for setting his pressure 
at 600 p.s.i. when providing steam for back-pressure 
generation. In three cases, namely, 600, 900, and 1500, 
it was found that the limitation was the size of steam 
turbine driving the generator. One cannot use extra- 
high-pressure steam in a small turbine, because the blade 
height in the first stage becomes so short that the design 
will prove impracticable, and so the proposal is governed 
by that feature. In Mr Shaw’s hypothetical refinery 
he handled a load of 14,000 kW, and that can involve 
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a sizeable turbine. The turbo alternator which my 
Company is at present considering is 10,000 kW, which is 
a somewhat larger unit than could be tolerated in such a 
refinery. Nevertheless, I would say that in the rating of 
his suggested refinery one should design for a pressure of 
between 900 and 1200 p.s.i. as one’s initial steam-raising 
pressure, which again would show an increased efficiency 
over the 600 p.s.i. suggested. What therefore does Mr 
Shaw consider is the correct steam pressure level? 

Associated with the boilers one has the boiler feed and 
the condensate to determine, and when using this very 
high quality water economics can go astray on the 
condensate return, because on previous ideas it might not 
pay one to recover the condensate. With the very high 
quality water needed it makes a different case, and pay- 
off can then be shown for extensive condensate collection 
systems in order to increase the percentage of one’s 
condensate return, which, if one is lucky, in these days 
rises only to approx 50 per cent. 

To provide adequate supplies of water is a problem 
which faces all refineries. The U.K. is known to be 
running short of fresh water, and industry all over the 
country is feeling “‘the pinch.” In some ways, Mr 
Shaw’s paper rather leant on the fact that one could 
have fresh water cooling, such as closed systems. 

It is my Company’s experience that fresh water cooling 
is opposed very much by the local authorities, because no 
matter what cooling towers one puts in, one cannot get 
below a 3 per cent loss on cooling, and that represents 
such a volume of fresh water that unless one is very 
lucky and is located at the side of a large river one is 
most unlikely to be able to obtain an adequate fresh water 
supply. This situation is becoming more and more 
difficult as the underground water supplies of the U.K. 
become depleted by ‘the domestic consumer to a greater 
degree than previously was considered possible, and one 
should ignore fresh water cooling at this stage and con- 
centrate on salt water. There is quite a lot of work now 
being done on the desalting of brackish waters. I 
would like to ask Mr Shaw if he has had any experience in 
dealing with this aspect of utilities, because unless some- 
thing is done within the next three to five years in pro- 
ducing in an economic way artificially desalted water, 
one will have to go much more into the use of salt water 
for cooling purposes. It is impossible to use saline waters 
for most process water or for boiler feed, but the 
economics of a steam raising system might be governed 
ultimately by the ability to obtain suitable water for 
-boilers and the extent of the condensate return. Even 
the major U.S. refineries, which are Mid-Continent, have 
to locate themselves on the Mississippi or somewhere like 
that in order to get adequate su ie of suitable water. 
The method of electrodialysis which is being developed 
provides a way of desalting water to a state which would 
even make it good or potable. The process is known to 
have low operating costs. It is also known at the 
present time to have very high initial capital costs, and 
unless and until these capital costs come down to a lower 
level one cannot talk confidently about fresh water 
cooling. I would like to ask Mr Shaw if his Company 
have had a survey on the methods of desalting water. 

Another source of water which has not been tapped in 
the U.K., and which my Company is investigating at the 
moment, is the use of sewage effluents. The domestic 
water which is coming as effluents from big industrial 
concerns if often perfectly suitable for process water and 
boiler feed water after adequate treatment. 

I appreciate that trouble is being experienced with the 
detergents in these effluents, but that source of water is 
not sufficiently recognized, and when one considers that 
in Germany the water flowing down the Rhine from Basle 
to the mouth goes through the natural cycle twelve or 
thirteen times, it is apparent that there is a potential 
supply of fresh water in sewage effluent. This could be 
tapped if one took the trouble and spent the money to 
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ut in the filtration and treating equipment. I would 
ike to ask Mr Shaw if that potential has ever been 
studied. My Company is at the present time studying it 
as a possible source for fresh and process water, it is 
quite a complicated process, involving not only the 
normal filtration beds but also considerable after- 
cleaning. However, the capital outlay may be worth 
while. 

One of the points that Mr Shaw raised in his paper was 
on electric heating for pipelines using cables. He 
advocated such equipment, and I was surprised because 
my Company has tried it in small bitumen tanks and while 
it is very convenient for general application over wide 
areas, I consider electric cable heating to be very ex- 

nsive both in capital and in running costs. Perhaps 
Mr Shaw would give us a little more information on this 
subject, because it is of considerable interest if one can 
economically heat by electricity. 

There are two more points I would like to raise: the 
use of gas for fuel and the application of atomic power. 

Gas as a fuel is comparatively wasteful, it is being 
found more and more with the development of chemicals 
that refinery gas is too valuable to be burned. It 
becomes, in fact, the charging stock for a whole range of 
chemical products, and therefore one is tending to avoid 
taking gas into consideration as a fuel because of this 
better alternative. The gas turbine as a prime mover 
has not been mentioned, but it might come into its own. 
in the future for large units in a refinery. Its use will 
depend in the development of the gas turbine and the 
availability of gaseous fuel. 

I would like to ask whether Mr Shaw thinks atomic 
power will become available in such small and economic 
packs that one can use it for steam raising on the units 
in refineries, e.g. 200,000 Ib /hr. 

My Company is not certain how far it can extend its 
condensate collection facilities economically with the 
scheme it has at present using 10,000-kW back-pressure 
turbines. At the present time 50 per cent probably 
represents an attainable figure. 
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J. A. Shaw: I, too, am sorry that I was unable to 
inelude a section concerning effluent systems, which are 
a very costly part of the utilities of a refinery. A paper 
of this kind has to cover an enormous field, and if the 
component subjects are to be satisfactorily dealt with, 
it is difficult to keep the length within reasonable limits. 
It is for this reason I have reluctantly omitted a dis- 
cussion of effluent systems, which, as Mr dale- 
Bradley has said, is a subject that merits a paper of its 
own. 

T was interested to hear that Mr Dugdale-Bradley uses 
and advocates both air heaters and economizers in the 
utility installations with which he is concerned, also that 
he is contemplating the use of boilers of 1500 p.s.i. 
rating. I would have thought that boilers of such a 
pressure could be contemplated only for what would 
eventually be a fairly large generating installation and 
for one in which the whole of the power generating steam 
is condensed and returned to the feed system. 

However, Mr Dugdale-Bradley’s statement that he 
shares my preference for back-pressure turbines su ts 
that some of the process steam is to be taken from the 
generating turbines exhausts. Am I right? 


J. O. Dugdale-Bradley : In the present scheme, the 
ition is that with 10,000-kW turbines it is not certain 
ow far one can make an economic condensate return. 
But probably only approx 50 per cent of the steam raised 
will turn to condensate. aving been through the 
turbine, the steam is then distributed in exactly the 
normal way of refinery processed steam, with all the 
associated difficulties of getting it back to the boiler 
house as oil feed condensate. 
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J. A. Shaw: The paper states that the inherent lack 
of flexibility of the back-pressure turbine could be 
countered by running it in parallel with the grid. That is 
undoubtedly one solution to the problem, but to get the 
maximum benefit from the use of back-pressure turbines, 
it is necessary to back out all purchased electricity, 
which compares so unfavourably in cost with that which 
can be produced in a suitable refinery power station. 

This and other remarks I have made may give the 
Sr that I have my knife in the C.E.A. 

he point I wish to make is this. If the C.E.A. are to 
remain competitive as suppliers of industry, they will 
have to find a market for the vast quantity of heat which 
at present passes into rivers, estuaries, or to the atmo- 
sphere in their condenser cooling water. If the utiliza- 
tion of this heat could be realized, the cost of electricit; 
to all consumers and, incidentally, the nations fuel bill, 
could be drastically reduced. 

Mr Dugdale-Bradley asks why I chose a pressure of 
600 p.s.i. for power generation. 

First, I am considering fairly small installations—the 
turbines of Cases 2 and 3 would be about 7-5 MW units 
-—and I would have thought that a pressure of 600 p.s.i. 
would be just about the optimum for machines of that 
size. I agree that there are benefits to be obtained from 
the use of high pressure and/or temperatures, but I 
should have thought. that the mechanical design con- 
siderations to which Mr Dugdale-Bradley has himself 
referred would set the pressure limit for a 7-5-MW 
turbine rather lower than 900 p.s.i. There is too, the 
fact that, whereas a temperature increase affects only 
the superheater, high-pressure piping, and the turbine 
h.p. end, a high operating pressure affects every part of 
the boiler, its auxiliaries, the turbine, and the ft water 
treatment, and brings in its train greatly increased 
— expenditure. 

here is also the question of fuel. Refinery utilities 
must operate on any fuel that may be available and upon 
that which is currently the least marketable. The 
operation of high-pressure boilers upon the less acceptable 
= may possibly court vanadium corrosion in hot 
places. 

Another factor which influenced me in my choice of 
operating pressure was water treatment. With a 
pressure of 600 p.s.i. it might just be possible, given a 
suitable raw water, to get away with normal ion exc 
water treatment, whereas for higher pressures de- 
mineralization and silica removal would be obligatory. 

Demineralization units supplying the small make up to 
fully condensing power stations are commonplace, but 
demineralization of the considerable raw water require- 
ment of refinery utilities is a step that would need careful 
consideration. 

On the question of the desalting of brackish waters, I 
regret that I cannot help very much. My Company has 
given no serious consideration to this process, possibl 
because Fawley is relatively fortunate as regards fresh 
water supplies. I understand our American affiliates 
have investigated these processes, and I believe the 
capital cost works out at about $1/U.8.G/day. The 
operating costs appear to be in the region of 4s. Od. per 
1000 gal, which I would notcalllow. Idonot know what 
else, if anything, must be done to desalted water to 
render it suitable for boiler feed. At Fawley, salt water 
is used for cooling, and consideration has been given to 
the use of salt water recirculatory cooling towers as a 
means of reducing expansion costs. I understand that 
while no manufacturer has so far made a salt water 
cooling tower of any size, both the Marley and Fluor 
companies consider it to be a practical proposition. 

The use of sewage effluent for boiler feed has also 
received ing consideration at Fawley, but was 
abandoned because the quantity of the available effluent 
was insignificant in relation to boiler feed requirement. 
I can see no reason why a detergent-free sewage effluent 
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should not be used for boiler feed after suitable filtration 
and treatment, although the chloride content of such 
effluents can be on the high side and chlorides are not 
removed by treatments other than demineralization. 
Some detergents defy removal by any known means, and 
if left in would certainly give rise to foaming in the 
boilers. 

On the electrical heating of pipelines, I have not per- 
haps made myself quite clear. Such systems are 
economically attractive both as regards capital and 
operating costs : 


(a) For fuel oil systems where they compete with 
a fired furnace aa @ loop system in which the oil 
must be circulated at high temperature. 

(6 For very long pipelines where a number of 
intermediate boiler stations is required to supply the 
tracing steam. 


Other advantages are that we can provide temper- 
atures outside the scope of normal process steam heating 
and that they are easily controlled thermostatically, so 
that heat is applied only when and where it is required. 
For such applications as the heating of small tanks I 
would not expect them to compare favourably with 
steam. 

In the paper I mentioned the possible future use of 
gas turbines as prime movers, particularly in place of 
very large condensing turbines or electric drivers. 

Both Dugdale-Bradley and myseif have forecast 
that gas production of refineries is likely to be taken up 
in the future by the development of new markets and 
chemical projects, and the future of the gas turbine 
would therefore seem to depend to a large extent upon 
its ability to tolerate residual oil fuels and, in particular, 
vanadium-containing fuels, and this is a field which is 
currently being subjected to intensive research. 

On the question of atomic power I can be of little help. 
I suppose there is no reason why it should not find its 
way into the larger refinery power stations, but on the 
whole I cannot believe that its future lies in the field of 
refinery utilities. 


J. O. Dugdale-Bradley : I would like to answer one or 
two questions put by Mr Shaw. First, my Company is 
aiming to use residual fuels in 1500-lb boilers. I cannot 
say that this has succeeded because it has not been tried 
out for high-pressure work. 

As regards demineralization, one point that 


perhaps I 
did not emphasize was that one is dealing with an oil 
and chemical works, and therefore it is highly probable 
that a certain amount of demineralized water will be 


uired for process purposes. I cannot state the exact 
os of the iendeniatiing plant, but the two 60-ton 
boilers will require fully demineralized water. It will 
be something of the order of 30,000 gal/hr of de- 
mineralized water. The total dissolved solids of this 
water are down to less than 0-5 p.p.m., the silica content 
will be less than 0-05 Ree and the conductivity 0-5 
reciprocal ohms at 20° C. 

As regards effluents, in the case I mentioned under 
investigation, it involved a quantity of approx 250,000 
gal/day, which is quite a considerable amount of fresh 
water. 

I was interested in Mr Shaw’s remarks on electrical 
heating, and it appears it is worth while making a further 
examination of this idea. 


R. B. Besley : I was rather surprised to see in the 
preprint that Mr Shaw makes reference to steam atomiza- 
tion of fuels which, I assume, refers not only to his utility 
boilers, but also to refinery plant furnaces. 

In the organization with which I am associated a 
pressure atomization system is employed almost ex- 
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clusively, and steam atomization is reserved for very 
minor applications only. Steam atomization is considered 
to be out of date and economically inefficient, and I 
should like to assure the author that the pressure-return 
atomization system gives eminent satisfaction, even 
when burning the 300 Penetration residual fuels (30 cS 
at 375° F) which form the majority of the overall refinery 
fuels. I admit that the temperature and viscosity range 
over which pressure atomization is accurate and efficient 
is more restricted than with steam atomization, but with 
automatic control, good design, adequate lagging, and 
— of circulation, there has been little operational 
trouble. 


J. A. Shaw : I am very interested to hear that there are 
refineries in which pressure atomizing burners are 
and particularly that they are satisfactory on residual 
fuels. Do I understand that you used such fuels as 
pipe still bottoms in your burners? (Answer by Mr 
Besley : 300 penetration asphalt.) 

I suppose there are obvious advantages in the use of 
the pressure jet burner, in that it is not necessary to 
spend so much money in utilizing the fuel, but its chief 
limitation is its lack of flexibility—it cannot cope with 
widely varying outputs, and I believe that was the chief 
reason for its absence in the majority of refineries. I can 
see no reason why the pressure jet burner should not be 
used on very many process furnaces where fairly steady 
operation can be expected, but I would have thought 
that for the steam plants, which must be capable of 
coping with enormous load increases at a moment’s 
notice and where a considerable range of fuels must be 
burned, the steam atomizing burner would remain 
supreme. 

I was at some pains to emphasize that as far as the 
steam installations were concerned, one should play safe 
above all else. I hope, in doing so, I have not offended 
some people by making it appear that economy is of no 
importance in the utilities. I merely wish to say that 
considerations of economy are very definitely secondary 
to those of reliability and safety as far as the steam 
raising installations are concerned, this factor will, I 
believe, weigh in favour of steam atomizing burners. 


D. Webster : In the case of power generation I note a 
large capital expenditure for the saving of £4000 p.a. 
in fuel, which brings me to my point regarding econo- 
mizers. Had Mr Shaw “ fitted ’’ an economizer to his 
boilers, then the saving would have been at least £15,000 
y.a. I have used economizers on refinery boilers for 
some years now, and before coming to this meeting I 
looked up their record. They were installed in 1936, 
i.e. twenty years ago—and it has been necessary to 
replace only one element. That is, one element in five 
boilers, and this was not the fault of the economizer but 
was owing to faulty operation. Mr Shaw’s boiler 
efficiency of 80 per cent surprised me, and it was this 
figure which directed my attention to the remarks regard- 
ing the reliability of economizers. In Mr Shaw’s 
hypothetical refinery would it not be easier to save money 
at the boiler house end rather than the power generation 
end. 

The statement that refinery loads are widely varying 
puzzles me. I presume that Mr Shaw’s refinery operates 
24 hr/day and 7 days per week. I find that tiie refinery 
load varies by a maximum of about 10 per cent, unless 
there is a major shutdown, when there is prior warning, 
in which case it is a simple matter to take a boiler off 
line. Pressure-jet atomizers are employed and these 
take care of any load variations very well. 

Another point is the question of cast iron v. lined steel 
piping for salt water mains. It appears that everybody 
is chasiag around to find some fancy lining for steel pipe 
in order to avoid using cast iron. 


INSTALLATIONS—DISCUSSION 201 


I have two cast iron mains under my control which are 
over thirty years old. They occasionally become in- 
ternally coated with barnacles and mussels, but these are 
removed by various treatments, and the lines never give 
any trouble. I know, however, of bitumen-lined steel 
lines which have failed after only three years, maybe due 
to the lining being pierced by ovat but I doubt it, 
because we have not noted any barnacles in those lines. 

I was interested to hear that although the author uses 
chlorine treatment, it is not entirely effective in dealing 
with barnacles and mussels. My Company uses coppe1 
sulphate and finds it quite effective and cheaper. Cer- 
tainly, with regard to mussels, copper sulphate is 
effective, but it is only effective if it is injected in slug 
doses. It appears that mussels may be able to 
acclimatize ‘cemathine to this treatment, and unless 
intermittent dosing is resorted to, then they may come 
to regard it as a special sea-food! 


J. A. Shaw : It has been my experience that air heaters, 
at all events, are exceedingly troublesome in refinery 
boilers, because the fuels that one uses in them are from 
time to time relatively sulphurous. I am interested to 
hear that one can have fairly trouble-free performance 
from economizers under these conditions, and I should 
be interested to know more of the circumstances in 
which they are used. Some boilers at Fawley are fitted 
with cast iron economizers, but even these, if not very 
troublesome, are certainly the most troublesome part of 
the boilers to which they are fitted. 

My experience with air heaters on refinery boilers has 
been wholly bad, and they are better not used. 

I agree that one could save a lot of money by the use of 
these devices, and I think that in the future, when all the 
customary fuels are taken up for making chemicals and 
that sort of thing, ene will probably have to face up to 
the problem and find some way of employing them. 

At the present time, I suggest that the incentive is not 
really great enough to drive one to this length. 

Reverting to the question of my economics and the 
savings attributable to the use of economizers, I would 
point out that the capital differential between Cases 2 
and 3 is not directed icularly toward the saving of 
£4000 p.a. in fuel, which is incidental. The point I 
wished to make was that fuel savings of the order of 
£200,000 p.a. could be achieved by the interral genera- 
tion of power, and while the fuel economy of all three 
cases could undoubtedly be increased by the introduction 
of economizers, this is a side issue. 

In actual fact Case 2 becomes outstandingly the most 
attractive if the investment charges are taken into 
account. The gross annual savings over Cases 1 and 2 
then being about £270,000 and £100,000, respectively. 

The kind of load variations to which I was referring 
are those resulting from refinery upsets, which can be 
very great. It is not at all unusual to have a call for an 
extra 100,000 Ib/hr of steam more or less immediately, 
to accommodate, for example, a blower failure on a large 
catalytic cracking unit. 

In regard to cast iron piping, this, notwithstanding its 
very high cost, is probably more widely used than any 
other type. Its cost, which is twice as much as steel or 
bitumen-lined steel piping, is, however, its principal 
disadvantage. Cast iron piping is otherwise extremely 
satisfactory, and it has the t advantage that it can 
be buried in the ground without special protection and 
yet have a long life. 

It has been my experience, and I have the confirmation 
of others who have studied this subject, that barnacles 
are, for all intents and purposes, resistant to chlorine, 
but I do not mean to imply that they cannot be 
killed by giving them enough chlorine or that any 
economic dosage does not seem to have a great deal of 
effect on them once they are established. There are 
still barnacles in certain places in the water system at 
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Fawley, notwithstanding quite heavy periodical doses of 
chlorine, and the shock treatment to which Mr Webster 
referred has not been effective in clearing them out. 
Mussels, on the other hand, ap to succumb to shock 
treatment; in fact, I have the impression that they 
are fairly easily killed by chlorine. ussels are curious 
things in any case. They will change their habitat from 
time to time simply because of some apparently quite 
minor pollution of the water in that neighbourhood, so it 
is understandable that they would succumb to dosage 
by chlorine. 

I was very interested to hear that —— ee had 
been found effective in tackling barnacles. I should like 
to know what sort of concentrations are necessary for it 
to be effective, and how are such doses determined? 
In the case of chlorine, the criterion appears to be to 
maintain a residual of $ p.p.m. in the extremities of the 
system, such as tanks where marine organisms can 
collect. 


D. Webster : My Company’s economizers have been in 
use on a wide variety of fuels, ranging from coal-tar 
pitch during the war years to residual fuel, and for some 
years neat unneutralized acid sludge has been burned. 
That is about the hardest treatment one can think up for 
any economizer. 

Regarding the copper sulphate dosage, this is applied 
at the rate of 10 p.p.m. every other day for a 2-hr period. 
It is injected only when the sea temperature is above 
50° F, because below this temperature the mussels stop 
breeding, and if they are kept out in the summer and do 
not breed in the winter, then there is no point in wasting 
sulphate. 


E. Bonwitt : May I ask what trouble the author has 
experienced or expects when burning residual fuels? 
I assume that the paper refers mainly to economizer 
blockage. This could be caused in two ways, and both 
need not n ily occur. One difficulty is that the 
combustion is incomplete, which may cause fuel particles 
to deposit on the economizer ; this should be avoided by 
improving combustion. The other difficulty, which is 
very widespread, is caused by deposits of alkaline sulphate 
on the economizer. This is formed from SO,, which the 
combustion of many residual fuels produces. The layer of 
sulphate is usually sticky, and may cause rapidly grow- 
ing deposits of ashes aud soot. As these pi A are 
easily soluble in water, this type of deposit can be 
removed by water washing. This is done regularly with 
the boilers in operation, and is, in fact, the only way by 
which it was found possible to keep the boilers on line 
for long periods. 

Another question is in connexion with electric heating. 
The paper refers mainly to electric heating of fuel oil in 
tanks. Has the author had experience with electric 
tracing of pipelines? Electric heating cables are used by 
my Company in non-hazardous areas and for moderate 
temperatures. Is it a practice at Fawley to use such 
cables in hazardous areas? I feel that this is somewhat 
risky. Although the maximum surface temperature of 
the cable can limited by proper design, a break is 
always possible or the metal sheath can be damaged 
mechanically or by chemical attack. 


J. A. Shaw: The trouble to which I referred in 
connexion with the use of economizers in refinery boilers 
was primarily that of corrosion. Mr Bonwitt has also 
mentioned the question of sticky deposits forming on 
economizers during periods of imperfect combustion, and 
at Fawley this trouble has not been encountered, chiefly 
because the economizers are of a type which do not clog 
easily. My experience of the use of economizers in 
refineries is, however, confined to the two very small 
boilers at Fawley in which the troubles have been purely 
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of corrosion, although the economizer tubes in question 
are made of cast iron. 

The deposition of sticky sulphurous deposits is very 
troublesome in air heaters, particularly the kind of air 
heaters where the flue gases pass through the tubes and 
the air outside the tubes. At Fawley it has been found 
that air heaters of this kind become completely choked 
in a very short space of time. In fact, q have known 
cases where such air heaters had to be cleaned out at 
three-monthly intervals because they restrict breathing 
of the boilers seriously if left any longer. Severe 
corrosion of the air heater tubes was also experienced. 
All this seems to suggest that the combustion conditions 
are imperfect. On refineries, particularly where a 
variety of fuels must be burned and where more than one 
fuel must frequently be burned at one time in the same 
furnace, it is extremely difficult, even with automatic 
aids, to maintain combustion efficiency at the level 
necessary to ensure freedom from trouble with econo- 
mizers and air heaters. That really is the reason for my 
dislike of these devices. 

On the question of electric heating, the installation to 
which I referred is, in fact, a line tracing installation. 
It was intended to use electric heating for a fuel oil 
system, in which the fuel would be supplied from the 
source (in this case a pipe still) at a sufficiently high 
temperature for reais vst use, and one was merely 
going to trace the piece of line which carried it to the 
consumers with suitable electrical cable, connected up 
sectionally, and thermostatically controlled in sections, 
so that if at any place the temperature fell to a danger- 
ously low level, that section of heating cable would cut in 
and supply the necessary heat boost. I have no ex- 
perience of the use of these cables for heating tanks, 
although there are now one or two types of cable which 
are suitable for that purpose. Electric heating cables 
can be used for internal line tracing or direct heating of 
hydrocarbon fluid, e.g. in a tank, and used in that way, 
I should think they would be very satisfactory and 
efficient. There are no qualms about using these cables 
in hazardous areas in the refinery. "Phey are tre- 
mendously robust, and one can subject them to severe 
treatment without any mishap occurring. They can be 
hammered flat without a failure taking place, and they 
are extremely difficult to break or cut. The dangers 
associaved with their use need not be any greater than 
those with many other types of electrical equipment 
which are of necessity in a refinery. 


W. 8. Morris: Dealing first with the application of 
heating cable for tracing purposes, I would issue a word of 
caution in respect of copper-sheathed cables, as the sheath 
may not have a very long life in certain areas of refineries 
handling Middle t crudes. I know of instances 
where copper air lines associated with instrumentation 
have had to be replaced within a comparatively short 
time as the result of exposure to sulphurous atmospheres. 

In regard to the electrical ts of the paper, the 
author mentioned a of 2 kW-hr for processing each 
barrel of crude oil. find that a little low com- 
pared with the usual one of 3 kW-hr. For a highly in- 
tegrated refinery, having large lubricating oil process 
facilities and a chemical plant, the figure can rise up to 
approx 4-5. Asa point of interest the kilowatt maximum 
demand of a refinery can be roughly assessed if the crude 
intake in tons per day is known—the two values are 
almost identical for the hypothetical project put forward 
by the author. 

The author refers to the ring main system as being the 
common method of distribution in the U.K. That may 
be true of other industries, but as far as the petroleum 
refining industry is concerned, the radial system pre- 
dominates. 

The general method of distribution put forward by the 
author is in the main identical to that used in refineries 
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with which I am associated, but we do not use automatic 
bus ties. I am surprised to note from Fig 2 that an 
11-kV cable is apparently solidly connected to another 
cable, presumably by an underground T-joint. I would 
not advocate such a practice on 11-kV feeders, par- 
ticularly for one between an intake and a main substation. 
The presence of a T-joint must constitute some degree 
of weakness, further in the event of a fault, then the 
existence of a branch cable makes location much more 
difficult. The extra cost for providing separate feeders 
from either the intake or main substations is well worth 
while in such cases. 

In my organization the primary distribution is 6600 V, 
which is also the supply voltage for motors of 250 h.p. 
and above. 

As far as automatic bus ties are concerned, these are 
warranted only if frequent failures of the outside supply 
are expected. Complicated control equipment is neces- 
sary to ensure that the change-over operations take place 
only when the situation demands and not under transient 
or some other fault conditions, such as a bus bar fault, 
when it would be advantageous not to have any change- 


over operation at all. 
The change-over pp must be tested periodically, 
the 


In very much the same connexion, it is noted that all 
motors are fitted with under-voltage trip delays and that 
it is usual for all but the largest motors to stay on line 
during automatic change-overs. The largest motors in 
@ process unit are usually the charge pump drivers, and 
surely these are the motors which should be kept on line 
all the time! Our practice is to apply delayed under- 
voltage tripping only to key motors, so that in the event 
of a transient, the motors of lesser importance are 
jettisoned fairly quickly, and this allows the supply 
system to recover in the minimum time. 

I fully agree with the author’s comments in respect of 
synchronous motors, but a further objection to their use, 
at least in dangerous areas, is the difficulty of ensuring 
the necessary degree of safety, particularly of such things 
as slip rings and exciter commutators. Notwithstand- 
ing, thare is probably a case for the use of synchronous 
induction motors, at least in safe areas, as while they 
may pull out of step during a transient, they will con- 
tinue to keep running as induction motors. 

Static condensers can be added fairly cheaply to im- 
prove the power factor, and particularly so in the case of 
a refinery, as the inherently high load factor does not 
demand the use of extensive automatic devices to switch 
the condensers in and out of service to compensate for 
load changes. Our own practice is to connect static 
condensers in units of up to 100 kVA to the 415-V load 
centres, as in this position they tend to improve the 
voltage regulation throughout the system, as well as 
having the desired effect at the main metering point. 


J. A. Shaw : I am interested in Mr Morris’ experience 
of corrosion of copper air lines, as these were considered 
when contemplating the use of an electrical heating 
system at Denier. For this purpose the copper- 
sheathed cable has an insufficiently high temperature 
rating, and it was thought that steel-sheathed cable 
wall not be subject, or so subject, to that type of 
attack. One refinery installation of copper-sheathed 
cable in the U.K. where some flooding was experienced 
suffered very serious electrolytical attack owing to the 
copper cable being in contact with a steel pipe in the 
presence of salt water. 

T am also very interested in Mr Morris’ remark about 
the method of getting the kW maximum demand of a 
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refinery, and I accept his criticism of m , but he 
will appreciate that the electrical | will vary con- 
siderably from installation to installation. I would have 


thought that in refineries where electric power was pur- 
chased, it would not have been as high as the figure he 
mentioned, but it obviously depends very much upon the 
type of drivers selected for the various items of equip- 
ment. 

I have not given any thought to T-joints on 11-kV 
feeders, but I agree with Mr Morris that this is possibly 
a: the best practice nor a typical arrangement in the 

Automatic bus ties, on the other hand, are most 
definitely warranted. At the present moment at Fawley 
one has to contend with rather peculiar supply condi- 
tions in that the refinery is fed from a distant substation 
by two feeders which are carried on the same line of 
poles. The bus ties have worked and have overcome 
serious trouble on more than one occasion. I agree that 
they need careful and constant maintenance, and there is 
also justification for a remote indicating system so that a 
faulty bus tie can be speedily located and adjusted in an 
emergency. 

There are very large process electrical drivers at 
Fawley. The only large electrical drivers are utilities, 
the salt water pumps, and a compressor, and one accepts 
that these come off the line if there is an automatic 
change-over. They can be started very quickly, and 
since one has, in the case of the cooling water, one of 
those systems in which there are tanks in between the 
primary pumping source and the refinery, a momentary 
interruption is of no consequence. There is also a steam- 
driven compressor which is normally kept running to 
cover the effect of an electrical failure on the air supply. 


J. Thurley : I would like to ask Mr Shaw for further 
details of the method of chlorination used at Fawley. 

My Company chlorinates salt water for fouling pre- 
vention in the cooling system, and in the initial phase of 
the operations some difficulty was experienced in 
obtaining sufficient chlorine residual. erefore full 
24-hr surveys on chlorine demand of Thames water for 
different seasons of the year were carried out, and the 
chlorine demand was found to vary from 3 p.p.m. at 
high tide to 16 p.p.m. at low tide. The high demand 
was apparently owing to polluted river water flowing 
down stream with the change in tide, and containing 
sewage and trade effluents. 

As a result of the surveys it was decided to inject (a) 
during the summer for 1-hr periods 2} hr before high tide 
with another l-hr period 1 hr after high tide, and (6) 
during the winter for a 1l-hr period at every high tide. 
A chlorine dosage of ye 7 p.p.m. is carried out in 
order to give a residual of 2-3 p.p.m. at the water intake. 

No evidence of slime formation or barnacle fouling 
has been observed, but mussel fouling was present in the 
cooli water lines. It was found that once adult 
mussels were present in the cooling water system it was 
difficult to remove them with intermittent chlorination. 
A literature survey has shown that mussels, once they 
have formed their bivalve shells, can be killed only by 
continuous chlorination, a chlorine residual of 0-5 p.p.m. 
being sufficient. 

- Do you find it necessary to supplement your inter- 
mittent chlorination by a period oF continual chlorina- 
tion, for instance, 5-7 days? 


J. A. Shaw: At Fawley chlorine is injected at the rate 
of 7 p.p.m. for 1 hr each day and for a continuous period 
of 7 days in each month. The system consists of salt 
water pumps which draw water from Southampton 
Water, and pump it up into tanks situated near the 
refinery from which the secondary pumps take their 
suction. The chlorination schedule is Tasod on an 
attempt to obtain a 0-5 p.p.m. residual in those tanks. 


operations of process units can also cause difficulties. 
It would be interesting if the author would enlarge on his 2 
experience with the automatic bus ties and confirm that i: 
supply conditions generally have warranted their di 
installation. 
| 
- 
— 
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It has been found that any attempt to obtain a residual 
farther on in the system than that, after it has been 
through process units, is hopeless. 

The principal trouble experienced at Fawley is that of 
marine organisms developing in the tanks to a stage at 
which they can withstand the daily dose of chlorine. 
Their subsequent destruction then results in their being 
washed through in large quantities, causing the choking 
of heat exchangers, etc. 

The chlorination procedure outlined above has proved 
effective in preventing this occurrence, but has, I repeat, 
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little or no effect upon the barnacles, which are to be 
found in considerable numbers on the walls of the tanks 
and at bends in the pipelines. 

Their absence from straight lengths of pipe is pre- 
sumably because the stagnant boundary layer along the 
pipe wall either hinders the attachment of the embryo 
or denies them an adequate food supply during their early 
growth. 


The meeting then closed with a unanimous vote of 
thanks to the author. 


. 
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PLATFORMING OF PARAFFIN WAX* 


By P. SCHENK,; A. B. H. VERVOORN,?} H. I. WATERMAN j (Hon. Fellow), and 
A. B. R. WEBER + 


SUMMARY 


Paraffin wax (average molecular weight 375) was vaporized with hydrogen and contacted with a supported 
platinum catalyst at 0-7—-1-0 WHSV, 410°-450° C, 30-100 atm, and molar ratios (H,/wax) 55-185. 


It appeared that three reactions occur, namely isomerization (branching), hydrocracking, and, to a minor 


extent, cyclization. 


The degree of cracking was derived from distillation curves. The degree of branching in 


hydrogenated distillation fractions was determined according to the specific refraction—specific parachor method, 
which was adjusted beforeh»:nd to 70° C and the mean total number of rings per molecule in the fractions was 


determined according to the n-d—M method. 


From the experimental results it appeared that higher reaction temperatures favour all three reactions, while 


these reactions are suppressed at higher molar ratios H,/wax. 


An increase of contact time has little effect on 


isomerization, while hydrocracking and cyclization become more pronounced. 
In order to select optimum isomerization conditions a quantitative comparison was made of the degree of 


branching in the reaction products. 


Considering an input of 100 gram atoms carbon (1410 g wax) it was found 


that under optimum conditions about 10 gram atoms tertiary carbon are present in the molecular weight range 
300-400. 


PART I. 


INTRODUCTION 


Lorentz ! and Lorenz? defined the molecular refrac- 
tion as 
n? —1 M 


where n = refractive index, usually measured at 
20° C for the sodium-D-line ; 
d = density of the liquid at the same tempera- 
ture (grams/ml) ; 
M = molecular weight. 


According to Lorentz and Lorenz, the molecular 
refraction is an additive atomic function, i.e. its value 
can be derived from the molecular structure by sum- 
mation of the atomic refractions. Furthermore, this 
function was considered as independent of temperature. 
The molecular refraction of normal alkanes and n- 
alkyleyclohexanes at 70° C is, however, higher than 
at 20° C. 
Sugden ° introduced the molecular parachor 


of 
where o = surface tension (dynes/cm) ; 
d = density of the liquid, measured at the 
same temperature as the surface tension ; 
D = density of the vapour in equilibrium with 
the liquid under the conditions of measure- 
ment; 
M = molecular weight. 


P= 


For the n-alkanes at 20° C the value of D may be 
neglected from n-nonane upwards; at 70° C D may be 


In these cases hydrocracking was limited to below 20 per cent. 


DETERMINATION OF THE AVERAGE NUMBER OF BRANCHINGS 
PER MOLECULE IN SATURATED HYDROCARBON MIXTURES 


neglected from n-undecane upwards. According to 
Sugden, the molecular parachor is almost independent 
of temperature and is an approximately additive func- 
tion. From this paper it will appear, however, that 
the molecular parachor of n-alkanes from n-undecane 
at 76° C is higher than at 20° C and that the tempera- 
ture influence increases at higher molecular weights. 
Mumford and Phillips * investigated the additivity of 
the parachor function and showed that the parachor 
was not a simple additive function, but that it was 
susceptible to changes in structure. They evaluated 
the influence of chain branching and proposed a 
negative correction to be applied for each branching in 
a chain. 

Waterman and Leendertse * based their method on 
the following starting points : 


(1) The experimental fact, that the molecular 
parachor of saturated hydrocarbons depends on 
their degree of branching. 

(2) The assumption that the molecular refrac- 
tion of saturated hydrocarbons is practically 
independent of the degree of branching. 

(3) The assumption that saturated oils could 
be considered as mixtures of n-alkanes, iso- 
alkanes, and mono- and poly-cyclic six carbon ring 
naphthenes with one alkyl group. 


For the investigation of mixtures of saturated hydro- 
carbons it was desirable to abandon the molecular 
refraction and the molecular parachor. Instead of 


these functions the specific functions, namely ae 2 


and 3. were respectively used. 


* MS received 27 February 1956. 


+ University of Chemical Engineering, Delft, Holland. 
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In their method Leendertse and Waterman deter- 
mined in the first place the “ true ” number of rings of 
the saturated oil fraction (R'r) with the specific 
refraction—molecular weight method.* Use was made 
of a diagram in which calculated specific refractions of 
several homologous series of saturated hydrocarbons 
(n-alkanes, monocyclic and polycyclic naphthenes) 
were plotted against molecular weight. The specific 
refractions were calculated from the atomic refractions 
of Nisenlohr (C = 2-418, H = 1-100); later,’ these 
values were corrected and the following atomic refrac- 
tions were used: C= 2-400, H=1-114. After 
measuring the value of n, d, and M of the saturated oil 
fraction, the specific refraction was calculated and 
plotted in the diagram. The average number of rings 
per molecule was determined by linear interpolation 
between the curves. Secondly, starting from the 
atomic parachor values of Mumford and Phillips 
(C = 9-0, H = 15-5, the increment for six carbon ring 
0-8, and the increment for tertiary carbon atom —3-0) 
a specific parachor—-molecular weight diagram was 
constructed. In this diagram the specific parachor 
of n-alkanes, monocyclic and several polycyclic six 
carbon ring naphthenes with one alkyl group were 
plotted against molecular weight. By determining 
the specific parachor and the molecular weight of the 
saturated oil fraction, the “ apparent ’’ number of 
rings (R?7) was found by linear interpolation between 
the curves. 

The difference in ring number (R?7 — R’r) gave an 
indication regarding the degree of branching in the 
oil investigated. It was shown that a difference of 
0-1 ring number corresponded to one branching in the 
molecule. 


ADJUSTMENT OF THE ANALYSIS FOR 70° C 


In order to study the degree of branching in oils 
obtained by platforming of paraffin wax, Leendertse’s 
method was applied to these products. However, the 
following adjustments of the method were necessary : 


(1) A specific parachor diagram and a specific 
refraction diagram were constructed for 70° C 
instead of 20° C. 

(2) The position of the curves in these diagrams 
was not calculated from average atomic incre- 
ments, but the curves represent experimental data 
of n-alkanes and n-alkylcyclohexanes at 70° C. 

(3) The influence of chain branching on the 
specific refraction is too high to be neglected. 
This effect was therefore taken into account. 


The adjustments mentioned are discussed below. 

(1) As the greater part of the investigated oils were 
solid at room temperature, measurement of the 
physical constants had to be carried out at elevated 
temperatures, e.g. 70° C. However, the temperature 
dependence of the specific refraction and the specific 
parachor is of such an order that diagrams valid at 
70° C differ considerably from diagrams valid at 20° C. 


SCHENK, VERVOORN, WATERMAN, AND WEBER: 


Table I shows data on specific refraction and molecular 
refraction and specific parachor and molecular para- 
chor of some pure hydrocarbons. These values were 
calculated from tables as given by the API Project 44.8 
The diagrams used in this investigation were con- 
structed by plotting the specific refractions and specific 
parachors of the n-alkanes and n-alkylcyclohexanes at 
70° C against 1000/M. This is shown in Fig 1 (a and 
b), where also the lines valid at 20° C are drawn. 
Fig 1 (a) also shows the diagram used by Leendertse 
(atomic refractions of Eisenlohr) and the diagram 
based on revised atomic refractions (van Nes and 
van Westen). Fig 1 (b) also shows the diagram calcu- 
lated by Leendertse from the atomic parachors of 
Mumford and Phillips. The lines of the n-alkanes 
must intersect the lines of the n-alkyleyclohexanes 
when M is infinite or when 1000/M = 0. 

These limiting values of the specific refraction and 
the specific parachor may be calculated in the following 
way : 


As the molecular refraction is an additive function, 
the specific refraction of an n-alkane C,H,,,. with 
infinite molecular weight must be equal to : 


lim + 2Ru 


~ 14-026n + 2-016 14-026 


in which 
Rou, = the average group contribution of the 
CH, group. ie 

= the average group contribution of an 
H-atom. 


The specific refractions of the n-alkyleyclohexanes 
must be constant and equal to 


mRou, Ron, 
14-026n 14-026 


From the data on the molecular refraction of 
n-C, — n-Cgy at 70° C, it appears that Rox, is equal 
to 4-655 so that the limiting value of the specific 
refraction at 70° C is equal to (4-655 /14-026) = 0-3319. 

At 20° C the value of Roy, appears to be 4-642 and 
the limiting value of the specific refraction 0-3310. 

As the specific refraction was determined with an 
accuracy from one to two units in the fourth decimal, 
its temperature dependence in the temperature range 
20°-70° C cannot be neglected. 

From the molecular parachor data of n-C, — n-Cyy 
it appears that the average CH, group contribution at 
70° C and at 20° C has a value of respectively 40-4 and 
40-0. The limiting values of the specific parachor at 
70° and 20° C are therefore equal to (40-4/14-026) = 
2-88 and (40-0/14-026) = 2-85, respectively. 

From Table I it fol!ows that the CH, group contribu- 
tion of the parachor is not absolutely constant. Other 
investigators ® have found that the CH, contribution 
becomes greater with increasing molecular weight. 
The calculated limiting values may therefore be too 
low. As the specific parachor was determined with an 
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SPECIFIC REFRACTION—MOLECULAR WEIGHT DIAGRAM 


A-lines calculated from the atomic refractions of Eisenlohr (C = 2-418, H = 1-100), both at 20°C; B-lines calculated 
from revised atomic refractions (C = 2-400, H = 1-114), both at 20° C 
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SPECIFIO PARACHOR-MOLECULAR WEIGHT DIAGRAM 
A-lines calculated from the atomic parachors of Mumford and Phillips 
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I 


Molecular Specific 
refraction refraction parachor 


20° C 70°C 20°C 70° C 20° C 70° C 


n-Alkanes 
n-Heptane . 0-34482 | 0-3469*| 34-550 | 34-76* 3-103 
n-Octane 034312 | 0-3450*)| 39-192 | 39-41 * 3-073 
n-Nocane 0-34185 | 0-3434*| 43-842 | 44-04* 3-047 
n-Decane 0-34075 | 0-3425*| 48-481 | 48-73 * 3-031 
n-Undecane . 0:33990 | 0:3415*| 53-127 | 53-38 * 3-016 
n-Dodecane . 0-33913 | 0-3407*| 57-764 | 58-03 * 3-005 
n-Tridecane . 0-33854 | 0-3401*| 62-412 | 62-70* 2-996 
n-Tetradecane 0-33793 | 0-3394*| 67-039 | 67-33 * 
n-Pentadecane 0:33751 | 0-3390*| 71-690 | 72-01* 
n-Hexadecane 0:33711 | 0-3383*| 76-333 | 76-60 * 
n-Heptadecane 0°3367 0-3382 *| 80-95 81-32 * 
n-Octadecane 0-3364 0:3378 *| 85-60 85-97 * 
n-Nonadecane 0-3361 0-3376 *| 90-25 90-65 * 
n-Eicosane . 0:3358 0:3372 *| 94-89 95-27 * 


Heptanes 
n-Heptane. ; F 0-34482 | 0-3469 | 34-550 
2-Methylhexane. 0-34522 34-591 
3-Methylhexane. 0-34392 34-460 
3-Ethylpentane 0-34215 34-283 
2,2-Dimethylpentane 0-34548 34-617 
,3-Dimethylpentane 0-34256 34-324 
,«-Dimethylpentane 0-34551 34-619 
,3-Dimethylpentane 0-34265 34-332 
,2,3-Trimethylbutane. 0-34306 34-374 


SRSESSSS 
* * * 


: 


n-Octane 0-34312 39-192 
2-Methylheptane. 0-34346 39-231 
3-Methylheptane . 0-34231 39-100 
4-Methylheptane . 0-34246 39-117 
3-Ethylhexane )-34094 38-944 
2,2-Dimethylhexane ‘ 0-34364 39-252 
2,3-Dimethylhexane 0-34127 38-981 
,4-Dimethylhexane 0-34257 39-130 
,5-Dimethylhexane 0-34371 39-260 
,3-Dimethylhexane 0-34151 39-009 
.4-Dimethylhexane 0-34008 38-845 
Methy1-3-ethylpentane . 0-34000 38-836 
Methyl-3-ethylpentane . 0-33896 38-717 
38-925 
39-262 


,2,3-Trimethylpentane . 0-34078 
,2,4-Trimethylpentane . 0:34373 
,3,3-Trimethylpentane . 0-33935 38-762 
,3,4-Trimethylpentane . 0-34028 38-868 


n-Alkyleyclohexanes 

cycloHexane . 0-32926 | 0-3312*) 27-709 
Methyleyclohexane . 0-33105 | 0-3324*| 32-503 
Ethyleyclohexane  . 0-32988 | 0-3313*| 37-015 
n-Propylcyclohexane 0-33016 | 0-3314*| 41-677 
n-Butyleyclohexane -| 0-33026 | 0-3312*| 46-322 
n-Decylocyclohexane 0-33043 | 0-3316*| 74-155 


bo bo bo bo bo Go 


* Extrapolated values. 


The calculation of the extrapolated values at 70° C was carried out in the following way : 
n-Alkanes 

Specific parachor. No extrapolation was necessary as data on surface tension and density are known. 

Specific refraction. The refractive indices of n-C,—n-C,, and n-C,, are available as precise measurements at 20° and 25° C 
(five decimals). The values at 70° C were found by linear extrapolation and plotted against the corresponding densities. A 
straight line was obtained and the values of the refractive indices of n-C,,-n-C,, determined from this line. 

Heptanes and Octanes 

Specific parachor. The surface tensions are known at 70°C. As most of the densities are only known up to 50° or 60° C, 
the densities at 70° C were determined by linear extrapolation. 
n-Alkyleyclohexanes 

Specific parachor. The densities are known at 70°C. As the surface tensions are only known up to 60° C, the values at 
70° C were determined by linear extrapolation. 

Specific refraction. The refractive indices at 70°C were determined by linear extrapolation of the values of the precise 
measurements at 20° and 25° C. 

Owing to these extrapolations the position of the n-alkanes and n-alkyleyclohexanes lines in the diagrams (especially the 
specific parachor line of the n-alkyleyclohexanes) is not absolutely certain. 
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‘acnor 
Compound M 
20° | 70° C 
311-1 310-9 
351-2 | 351-0 
391-0 | 390-8 
431-0 | 431-2 
470-9 471-4 
511-0 | 511-8 
550-9 | 552-3 
590-6 | 592-6 
630-6 | 633-4 
671-1 673-2 
711-0 | 713-2 
751-3 | 755-3 
791-3 | 795-1 
831-2 836-3 
| | 3-105 | | 311-1 310-9 
309-6 | 308-5* 
| 307-7 | 307-1* : 
| 305-3 | 305-6 
| 306-6 | 305-5 
304-8 304-2 * 
307-6 | 306-3* : 
304-2 303-3 * 
302-4 300-9 * 
3-075 3-073 351-2 351-0 
3-053 | 3-050*| 348-7 | 348-4* ; 
3-040 | 3-038*| 347-2 | 347-0* 
3-039 | 3-035*| 347-1 | 346-7* 
3-018 | 3-018*| 344-7 | 344-7* ( 
3-027 | 3-027*| 345-8 | 345-8* 
3-006 | 3-005*| 343-4 | 143-3* 
3-022 | 3-022*| 345-2 | 345-2* 
3-040 | 3-045 | 347-3 | 347-8 
3-002 | 3-000*| 342-9 | 342-7* 
2-999 | 3-001*| 342-6 | 342-8* 
2-995 | 2-991*| 342-1 | 341-7* 
2-978 | 2-970*| 340-2 | 339-3* i 
2-979 | 2-971*| 340-3 | 339-4* 
3-009 | 3-005 | 343-7 | 343:3 
2-968 | 2-962*| 339-0 | 338-3* 
2-982 2-979 *| 340-6 340-3 * ried 
27-87 *| 2-873 | 2-868*| 241-8 | 241-4* 
32-64 2-868 2-863 *| 281-6 281-1 * 
37-18*| 2-857 | 2-847*| 320-6 | 319-5* = 
41-84%| — — 
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accuracy of six units in the third decimal, also in this 
case the temperature dependence cannot be neglected. 

(2) From the values of the molecular refraction and 
the molecular parachor of n-C, —n-Cy at 70° C, 
average atomic contributions of C and H can be 
derived. With these values it would be possible to 
calculate, e.g. the position of the line of the n-alkanes 
in the diagrams. As the constancy of the CH, con- 
tribution of the parachor is disputable it is more 
correct to draw a line through the points representing 
the experimental data. 

(3) From the molecular refractions of the heptanes 
and octanes at 20° C (Table I) it appears that on the 
whole chain branching causes also a lowering of the 
molecular refraction. Counting the influence of a 
quaternary carbon atom as caused by two tertiary 
carbon atoms, it appears that the average lowering of 
the molecular refraction is 0-057 per branching for the 
heptanes, for the octanes this value is 0-089. 


x 
a 
$6 
Fea 
nee” 
ChHan 
G Hane2 Cry H2 
MOL. WEIGHT 
Fie 1 (c) 


GRAPHICAL REPRESENTATION OF THE FORMULA FOR NP, 


The determined difference in ring number (R? 7 — R’r) 
must be expressed in branchings per molecule. In 
Fig 1 (c) it will be derived that one branching in a n- 
alkane causes a ring difference equal to 0-09 ring. 

If P, is the average lowering in molecular parachor 
of a n-alkane as a result of one branching and n, is the 
number of branchings in the n-alkane that causes an 
apparent ring number of one, it becomes clear from 
Fig 1 (c) that the following equation holds : 


1 
= Postar, — (Posts + 7 Pcu,) (2) 


Po, = Molecular parachor of the n-alkane. 

Po,n,, == molecular parachor of the n-alkylceyclo- 
hexane with the same number of carbon 
atoms as the n-alkane. 

= the value of the CH, parachor group con- 
tribution. 


Pen, 


In view of the additivity of the parachor function, one 
may write 


— 2Pa+ Pe = Pon, (2) 
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where P, = increment of the molecular parachor 
caused by the formation of a six carbon 
ring naphthene with one alkyl group. 
Py = parachor value of one H-atom. 


Combining equations (1) and (2) yields : 
npP, = 2P_ — P, —1/7 Pou, 


1/7 Pou, 3) 


From the molecular parachor data of n-C, — n-C,, at 
70° C it appears that the average value of Poy, in this 
range is 40-1. The value of 2Py can be obtained by 
subtracting n times the value of Poy, from the value 
of Poets In doing this it will appear that Py = 
15-0. The atomic parachor value of C is apparently 
Pou, — 2Px = 40-1 — 30-0 = 10-1. 

By comparing the molecular parachor data of the 
isomeric heptanes and octanes with those of n-heptane 
and n-octane it appears that in this range P, = 3-5. 
The value of P, can be evaluated by subtracting n 
times Pog, from Po,x,,. From the data on methyl- 
and ethyleyclohexane it appears that P, = —0-5. 

Substitution in equation (3) gives 


— (2) (15-0) + 0-5 — (1/7) (40-1) _ 
35 


or one branching in a n-alkane causes a lowering of 
1/7-1 = 0-14 ring in the specific parachor diagram. 

The same derivation can be applied for the specific 
refraction at 70° C, so that 


— — 1/1 Box, 
R, 


where Ry, R,, Rou,, and R, are defined in the same 
way as for the parachor. 

It can be calculated from Table I that at 70° C 
Ry = 1-085, R, = —0-008, and Row, = 4-655. 

The value of R, cannot be evaluated for 70° C as no 
data on the specific refraction of the isomeric heptanes 
and octanes are available. It is, however, plausible 
that the value of R, will not vary much with the 
temperature. From the molecular refractions of nine 
heptanes and seventeen octanes (Table I) at 20° C, it 
appears that R, = 0-073. 

By approximation one may write 


sag (2)_(1-085) + 0-008 — (1/7) (4-655) 
0-073 


or one branching in a n-alkane causes a lowering of 
1/20-7 = 0-05 ring in the specific refraction diagram. 
The presence of one branching in a n-alkane will cause 
therefore a ring difference of 0-14 — 0-05 = 0-09 ring. 
Therefore, owing to the presence of eleven branchings 
in a n-alkane one will find a ring difference of one. 
Due to lack of data in the higher molecular weight 
range, the derivation mentioned above was carried out 
for the lower molecular weight range. By applying 
the method to the products it was assumed that the 
result of the derivation (eleven branchings for 


or 
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= 20-7 
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(R?, — Ry) = 1) is also valid for higher molecular 
weights. 


ACCURACY OF THE METHOD 
The following physical constants are measured : 
n,d,o,and M. The precision of our measurements is : 


for n: +0-0002 

for d: +0-0002 (g/ml) 
for «: +0-2 (dynes/em) 
for M: +2 per cent 


With these data the following calculation of errors 
can be carried out : 


relative error in Pare 0-04 per cent for n = 1-42 


@: 0-03 per cent for d = 0-77 g/ml 


n2?—11 : 
” » 5: O07 per cent, te. 
9.9002 for r = 0-34 


At a value in the specific refraction diagram of 


M = 200, this corresponds with 0-03 ring 
M = 300, ” ” ” 0-04 ” 
M = 400, ” ” ” 0-05 ” 


For the specific parachor an analogous calculation 
can be carried out : 


relative error in : 0-8 per cent for = 25-0 dynes/cm 
» ot: 0-2 per cent fore = 25-0 _,, 
‘ »  @: 0-03 per cent for d = 0-77 g/ml 


” » p= =: 0-23 per cent, or approx 


0-2 per cent. 
When p = 2-9 the absolute error will be 0-006. Ata 
value in the specific parachor diagram of 


M = 200, this corresponds with 0-05 ring 


M 300, ” ” 0-075 
M 400, ” 0-10 


Up to the present time, the influence of an error in 
M was not discussed. An error in M caused an 


incorrect reading of the ring content in both the 
specific refraction diagram and the specific parachor 
diagram. In the calculation of the average number of 
branchings, however, the value of the difference in 
ring content (R?7 — R’r) was used. For this reason 
the relative error in M plays no important role in the 
determination of the number of branchings per 
molecule. 

This is explained by the following example. A 
substance with a molecular weight of 200, a value of 
Ry = 0-15 and R? p= 0-45 is considered. (R?p R’r) 
is then 0-30. If the relative error in M is 2 per cent, 
M can have a value of 204 or 196. From the diagrams 
it can be read, that for 


M=196 R'7=0-164 R?7=0-459 Rp = 0-295 
M = 204 R’'p=0-133 R?p=0-443 —R’'7=0-310 


For this reason, the error in R?, — R'y, as a result of 
the inaccuracy of M, will be maximal 0-0l ring. For 
M = 300 + 6 and M = 400 + 8 the same result is 
obtained. 

The error in R?, — R’y will be higher when the 
value of R’y is very low (the line of the n-alkanes is 
sloping in the diagram). As the products had a ring 
content R’, more than 0-15, it is only necessary to 
consider the value of 0-01 ring. The following con- 
clusions can be drawn : 


The accuracy of R?, — R’z is for : 


M = 200: 0-03 + 0-05 + 0-01 = 0-09 ring 
M = 300: 0-04 + 0-075 + 0-01 = 0-12 ring 
M = 400: 0-05 + 0-10 + 0-01 = 0-16 ring 


As the products have a molecular weight range of 
300-400, the average accuracy of R?, — R'y is 0-14 
ring. The average accuracy in the number of branch- 
ings per molecule is therefore 0-14 x 11 = 1-5. It 
can be noted, however, that in the authors’ case 
the accuracy must be higher, as the ring content 
figures are read from average curves. These average 
curves were obtained from a series of distillation 
fractions of one product. As an approximation it can 
be said that the accuracy of the method considered in 
this investigation is one branching per molecule. 


PART II. PLATFORMING OF PARAFFIN WAX 


INTRODUCTION 


Several investigators 1°11 have studied: the plat- 
forming of paraffin wax and found that a part of the 
reaction product could be purified to a low pour point 
oil, suitable for low temperature lubricants. As no 
structural details of the oils obtained were mentioned, 
the authors wanted to investigate the composition of 
the reaction product and the influence of the tempera- 
ture, contact time, and molar ratio H,/wax thereon. 


EXPERIMENTAL 

Catalyst 

Aluminium isopropylate was hydrolysed in boiling 
water and diluted hydrochloric acid added to the 
suspension. A colloidal solution of platinum di- 
sulphide was prepared by passing hydrogen sulphide 
through a solution of chloroplatinic acid in water. 
The resulting colloidal solution was thoroughly mixed 
with the aluminium hydroxide suspension and the 


q 
3 
4 
; 
4 
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combined solution oxidized with hydrogen peroxide. 
After evaporating the water, the mass was dried at 
90° C during 14 hr, heated at 160° C during 14 hr, and 
calcined at 600° Cduring 12hr. The resulting catalyst 
consisted of coarse pieces (3-4 mm) and contained 0-1 
per cent platinum and 1-5 per cent chlorine. 
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was charged to the preheater by a high-pressure dis- 
placement pump. At the entry of the preheater the 
eycle gas, consisting mainly of hydrogen, joined the 
paraffin feed. After passing the preheater the com- 
bined feed entered the top of the reactor, a steel tube 
with a length of 75 cm and internal diameter of 3-8 cm. 


--- 


Fie 2 


PILOT PLANT DIAGRAM 


A—level controller; B—melting vessel; C—reactor; D—safety valve; E—non-return valve; F—back pressure ; G—gas- 
meter; H—feed-pump; J—preheater; K—cooler; L—recycle pumps; M—separators; O—orifice plate; P—circulation 


pump; R—warm-water boiler; T.K.—thermocouples 


Paraffin Wax 


The feedstock consisted of commercial white 


paraffin wax with a molecular weight range of 310- 
530. The mean molecular weight of the wax was 375, 
the melting range 52°-54° C, the boiling range 160°— 
250° C at 1 mm Hg and the density at 70° C 0-7719. 


Apparatus 

A flow diagram of the semi-technical high-pressure 
unit is shown in Fig 2. The paraffin wax was molten 
in a steam jacketed vessel and filtered to remove im- 
purities. The filtered wax was stored in a calibrated 
feed tank, which was kept at 70° C. The liquid wax 


The reactcr was heated externally by means of electric 
heating wires. In the middle of the reactor a catalyst 
bed of 25 cm was placed and the remaining free space 
in the top and the bottom of the reactor was filled with 
porcelain rings. The reaction product was cooled to 
70° C by a water condenser and separated from the 
cycle gas in a high-pressure separator. The liquid 
products were collected in a bottle and the evolving 
dissolved gas was passed through a wet gas-meter. If 
there is a considerable cracking the cycle gas is purified 
in the following way. After cooling to 20° C the 
condensed light hydrocarbons are separated from the 
cycle gas in a second high-pressure separator equipped 
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with an automatic level recorder. From the second 
high-pressure separator the liquid products are let 
down to a middle-pressure separator. The pressure in 
this system was kept at 10 atm by an automatic 
pressure controller. The liquid products were collected 
in a bottle and the evolving dissolved gas passed 
through a gas-meter. 

When the density of the cycle gas became too high 
owing to the presence of hydrocarbon gases a part of 
the cycle gas was vented and replaced by hydrogen. 
Two orifices were placed in the recycle gas line, one 
before and one after the hydrogen supply line. The 
pressure-drop over the orifices can be measured with 
two mercury-filled gas balances. The gas balances 
are very suitable to note sudden changes in the 
recirculation system. 

All lines in contact with the wax and the reaction 
product were heated in order to prevent solidification 
of the paraffin wax. The reaction temperature was 
measured with an iron-constantan thermocouple 
placed in the catalyst bed. Other temperatures were 
also measured and recorded. 


Procedure 


After charging the catalyst to the reactor, the unit 
was brought to the reaction pressure with hydrogen 
and blown off in order to remove air in the unit. This 
operation was repeated. After pressure testing the 
unit, the desired pressure, temperature, and hydrogen 
flow were established. The feed-pump was started 
and paraffin wax was passed over the catalyst at the 
desired rate. In the pre-test period the feed rate and 
temperature were carefully adjusted. After removal 
of the pre-test period liquid product, the test run was 
begun. 


Method of analysis 

As the amount of gaseous products was negligible 
the gas was not analysed. 

The unsaturation of the reaction products was 
determined by the bromine value according to 
Mclilhiney.!?_ It appeared that the reaction products 
were practically saturated. By distilling the reaction 
products it appeared that no appreciable amount of 
light hydrocarbons was present. The reaction pro- 
ducts were hydrogenated in an autoclave in order to 
saturate any present olefinic bonds (200° C, 200 atm, 
1 hr, 20 per cent “ nickel on kieselguhr ” catalyst). 

By means of the formolite reaction * it was shown 
that the hydrogenated reaction products did not con- 
tain aromatic compounds. 

The hydrogenated products and the starting 
material were distilled in vacuum in an apparatus 
with ground glass joints. In order tu obtain a 
separation use was made of a Claisen distillation head 
with a fractionating side arm of 20cm. The fractions 
so obtained were analysed for molecular weight, 
density, surface tension, and refractive index. Den- 


sities were determined in pycnometers, molecular 
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weights by measuring freezing-point depressions in 
cyclohexane, refractive indices with an Abbe refracto- 
meter, and surface tensions according to the ring 
method (apparatus of Cenco-du Nouy).™ 

From these data the degree of branching is deter- 
mined according to the method discussed in Part I. 


CONDITIONS 


In Table IT the conditions of the experiments are 
shown. 
II 
Platforming of Paraffin Wax 
Catalyst: P,-Al, 


0,-01 
Catalyst volume : 300 ml, 
Duration pre-test period and test run: 4 hour 


Weight 
Experi-| Tem- | Pressu: Gas rate | Molar 
porate, Atm 1 kg seconds ratio of paraffin 
(Pi) kg/L/br (0) H,/wax | wax Atm 
(@) 

T, 410 52 1-04 5,260 10-1 88 0-58 

T, 420 52 101 5,310 10-2 89 0-58 

T, 435 52 0-97 5,440 10-2 91 0-56 

‘< 450 52 1-00 5,150 10-2 86 0-60 

1 433 32 0-99 3,210 10-3 54 0-58 

P, 435 52 1-12 4,720 10-1 79 0-65 

P, 435 72 1-01 7,250 10-1 121 0-59 

” 435 102 0-96 | 10,910 | 10-1 183 0-56 

1. 435 52 1-13 3,530 13-3 59 0-87 

2 435 52 0-89 3,660 16-4 61 0-83 

Os 435 52 0-75 3,460 20-5 58 0-88 
The relationship between the total pressure (P,), 


absolute temperature (7'), weight hourly space velocity 
(a), gas rate (b), and contact time (¢) is given by the 
following formula, which can be easily derived 


(982800) (Z) 


22400 ) 


t= 
(1) (a) (0+ 


The porosity of the catalyst bed (Z) is about 0-75 
and the average molecular weight of the paraffin wax 
(M) is 375. The different runs were done in the order 
mentioned. The activity of the catalyst after about 
90 hr had not decreased very much. 


DISCUSSION OF THE RESULTS 
Table III shows distillation data of the hydrogenated 


- reaction products and the starting material. 


By plotting the weight percentage distilled against 
the average molecular weight of the fractions the 
degree of cracking in the reaction products can be 
revealed. Figs 3, 4, and 5 show the influence of 
temperature, reaction pressure, and contact time on 
the hydrocracking reaction. It appears that longer 
contact times, lower molar ratios H,/wax, and higher 
temperatures favour hydrocracking. 

The specific refractions and the specific parachors of 
the distillation fractions are shown in Table III and 
plotted against 1000/M in Figs 6 (a and 6), 7 (a and d), 


Oe 
4 
| 
a 
mee 
| 


PLATFORMING OF PARAFFIN WAX 


fig.3 


_j300 


O 
200} 
10 


0 20 40 60 80 100 


— WEIGHT’ 


213 


0 


20 40 60 80 100 0 


—s MOL. WT. 


— WEIGHT %/o 


Fras 3, 4, anp 5 


20 40 60 80 100 


INFLUENCE OF TEMPERATURE, MOLAR RATIO H,/WAX, AND CONTACT TIME ON HYDROCRACKING 


G—paraffin wax 


Taste III 
Distillation of Paraffin Wax and Reaction Products 


— WEIGHT 


Distillation Physical constants 

i i 1000 
Experiment no. Specific | Specific n-d-M 
Fraction Weight, ni? ae M _ refraction| parachor M analysis 

no. 470 

Paraffin wax 1 5-6 1-4269 | 0-7642 315 25-3 0-3359 2-935 3-17 0-01 

2 15-7 1-4273 0-7645 325 25-4 0-3360 2-936 3-08 —0-04 

3 17-7 1-4288 0-7675 340 25-8 0-3358 2-937 2-94 —0-04 

+ 20-6 1-4306 | 0-7718 362 26-1 0-3351 2-929 2-76 0-00 

5 16-9 1-4328 0-7750 396 26-5 0-3352 2-928 2-53 0-08 

| 6 23-3 1-4364 0-7826 467 27-0 0-3343 2-913 2-14 0-06 

T, 1 15-4 1-4241 0-7599 287 24-8 0-3359 2-937 3-48 0-09 

2 19-0 1-4283 0-7666 347 25-5 0-3358 2-931 2-88. —0-09 

3 16-8 1-4299 0-7698 355 25-6 0-3355 2-922 2-82 —0-04 

4 19-3 1-4319 0-7734 365 26-3 0-3353 2-928 2-74 0-01 

5 29-5 1-4354 0-7807 459 26-8 0-3345 2-914 2-18 —0-10 

T, 1 12-7 1-4221 90-7562 271 24-0 0-3361 2-927 3-69 0-10 

2 15-4 1-4280 0-7663 341 25-4 0-3357 2-930 2-93 —0-06 

3 16-7 1-4294 0-7688 349 25-6 0-3356 2-926 2-87 —0-03 

4 19-7 1-4310 | 0-7722 376 25-9 0-3352 2-921 2-66 —0-05 

5 18-0 1-4329 0-7758 392 26-2 0-3349 2-916 2-55 —0-01 

6 17-5 1-4363 0-7828 460 26-5 0-3342 2-898 2-17 —0-02 

; T; 1 8-8 1-4119 0-7376 193 21-8 0-3373 2-929 5-18 0-26 

‘ 2 12-6 1-4258 | 0-7641 302 24-5 0-3352 2-912 3-31 0-14 

; 3 16-9 1-4286 0-7685 314 24-9 0-3352 2-907 3-19 0-16 

, 4 24-7 1-4295 0-7702 336 25-2 0-3351 2-909 2-98 0-10 

5 17:3 1-4319 0-7757 373 25-6 0-3343 2-900 2-68 0-13 

6 19-7 1-4356 0-7819 406 25-9 0-3341 2-885 2-46 0-16 

2 10-9 1-4043 0-7254 184 20-2 0-3374 2-923 5-44 0-20 

3 8-9 1-4142 0-7433 207 22-0 0-3363 2-914 4-83 0-29 

4 9-4 1-4224 0-7579 261 23-2 0-3356 2-896 3-83 0-22 

5 15-6 1-4276 0-7675 298 23-9 0-3349 2-881 3-36 0-24 

6 23-8 1-4302 0-7726 344 24-5 03345 2-880 2-91 0-17 

7 29-6 1-4331 0-7784 398 25-0 0-3339 2-873 2-51 0-14 

P, 1 12-5 1-4117 0-7374 194 21-2 0-3372 2-910 5-16 0-26 

2 13-6 1-4260 | 0-7638 274 24-0 03355 2-898 3-65 0-24 

: 3 19-2 1-4290 | 0-7688 326 24:3 0-3353 2-888 3-07 0-09 

4 19-9 1-4304 | 0-7718 352 25-1 0-3350 2-900 2-84 0-07 

c 5 19-7 1-4325 0-7760 381 25-3 0-3346 2-890 2-63 0-08 

I 6 15-0 1-4361 0-7827 420 25-7 0-3341 2-877 2-38 0-13 


4 us =400 > =. 400 
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TaBie IlI—continued 
Distillation Physical constants r 
Specific | Specific 1000 
Experiment no, n-d—~M 
Fraction | Weight refraction| parachor M 
nie a” M analysis 
P, 1 8-2 1-4158 0:7447 220 22-2 0-3368 2-915 4:55 0-20 
2 10-1 1-4263 0-7648 306 24-3 0-3352 2-903 3:27 0-13 
3 14-7 1-4286 0-7678 327 24-9 0-3355 2-909 3-06 0-05 
4 16-7 1-4297 0-7699 345 25-4 0-3353 2-916 2-90 0-03 
5 21-6 1-4313 0-7735 375 25-5 0-3348 2-905 2-67 0-02 
6 28-7 1-4351 0-7806 425 25°8 0-3343 2-887 2-35 0-03 
P, l 5-6 1-4104 0-7334 197 21-4 0-3381 2-933 5-08 0-15 
2 8-5 1-4244 0-7606 296 24-1 0-3358 2-913 3°38 0-06 
3 17:3 1-4278 0-7664 322 24-8 03356 2-912 3-11 0-05 
4 20-6 1-4294 0-7697 348 25-4 0-3352 2-917 2-87 0-03 
5 16-2 1-4312 0-7734 377 25-6 0-3348 2-908 2-65 0-02 
6 31-7 1-4347 0-7800 418 26-0 0:3343 2-895 2-39 0-05 
P, | 9-0 1-4161 0-7450 228 22-8 0:3369 2-933 4:39 0-14 
2 17-9 1-4272 0-7655 317 24-7 0-3355 2-912 3-16 0-06 
3 20-2 1-4292 0-7689 340 25-6 0-3354 2-925 2-94 0-03 
4 16-9 1-4313 0-7732 368 25-8 0-3350 2-915 2-72 0-03 
5 13-9 1-4324 0:7754 401 25-6 0-3348 2-901 2-49 —0-04 
6 22-1 1:4349 0-7804 432 25:8 0-3343 2-888 2-32 0-01 
C, 1 12-2 1-4152 0-7415 226 22-2 0-3379 2-927 4-43 0-05 
2 11-3 1-4271 0-7646 298 24-7 0-3359 2-916 3-36 0-11 
3 18-0 1-4290 0-7679 326 25-1 0-3357 2-915 3-07 0-04 
4 14-0 1-4308 0-7719 348 25-4 0-3352 2-908 2-87 0-06 
5 17-0 1-4316 0-7739 371 25-6 0-3349 2-907 2-70 0-04 
6 27:5 1-4348 0-7798 416 25-9 0-3346 2-893 2-40 0-03 
C, 1 12-8 1-4124 0-7375 218 21-5 0:3377 2-920 4-59, 0-07 
2 11-7 1-4260 0:7639 294 24-3 0-3354 2-906 3-40 0-15 
3 17-9 1-4284 0-7689 321 25-0 0-3349 2-908 3-12 0-16 
4 17-7 1-4301 0-7712 340 25-0 0-3350 2-899 2-94 0-11 
5 19-0 1-4318 0-7745 366 25-4 0-3348 2-899 2-73 0-09 
6 20-8 1-4351 0-7806 399 25-7 03343 2-884 2-51 0-13 
2 11-5 1-4069 0-7275 189 20:1 0-3383 2-911 5-29 0-13 
3 10-3 1-4206 0-7546 238 22-9 0:3358 2-899 4:20 0-28 
4 15-5 1-4273 0-7671 312 24-3 0-3349 2-894 3-21 0-17 
5 17-6 1-4291 0-7708 325 24-6 0-3345 2-889 3-08 0-21 
6 19-7 1-4303 0-7732 353 25-1 0-3343 2-895 2-83 0-16 
7 23-3 1-4344 0-7801 362 25-6 0-3341 2-883 2-76 0-28 
and 8 (a and 5). The discontinuity in the curves at sensible for both rings and branchings. Therefore no 


a molecular weight of about 300 (initial molecular 
weight of the starting material = 310) is a result of the 
presence of unconverted wax in these fractions. 

By linear interpolation between the lines of the 
n-alkanes and the n-alkylceyclohexanes at several 
values of M, R’, and R?, were determined for each 
experiment and the average number of branchings 
calculated by multiplying (R?7 — R’r) by eleven. This 
is shown in Figs 9 (6, c, and d), 10 (6, c, and d), and 
11(6,c,andd). It appears from Figs 9 (d), 10 (d), and 
11 (d) that the application of higher temperatures and 
lower molar ratios H,/wax (lower hydrogen partial 
pressure) favour the isomerization reaction. However, 
in these cases also the hydrocracking reaction becomes 
more pronounced. The application of longer contact 
times have little influence on the isomerization, while 
hydrocracking is increased. 

In Part I it is stated that the specific refraction is 


complete information about the cyclization reaction 
can be obtained from Figs 9 (b), 10 (6), and 11 (b), 
where FR’, is shown for the experiments. However, 
the average number of rings per molecule in an oil 
fraction can be calculated from the values of n, d, and 
M." These values are shown in Table III and plotted 
against M in Figs 9 (a), 10 (a), and 11 (a). By compar- 
ing the curves of R’p and Rr in the specific refraction 
diagram, it appears that on the whole R’, is greater 
than R,, which is another indication that chain 
branching causes a small apparent degree of cycliza- 
tion. 

In regard to the cyclization reaction it appears from 
Figs 9 (a), 10 (a), and 11 (a) that this reaction occurs 
to a limited extent only. An increase of temperature 


and contact time causes a higher degree of cyclization 
in the reaction products, while the application of 
higher pressures suppresses the cyclization reaction. 


= 
4 
~ 
4 
at 
i 


PLATFORMING 


In order to select an optimal isomerization condition 
a quantitative comparison has to be made of the 
degree of branching in the reaction products. 


fig 6a 
Cg: 16 sec. 
C3: 20 sec. 
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INFLUENCE OF CONTACT TIME 


Specific refraction and specific parachor of the fractions 
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INFLUENCE OF MOLAR RATIO H,/WAX 


Specific refraction and specific parachor of the fractions 


Assuming that the reaction products consist entirely 
of paraffins, the following calculation can be made for 
each experiment. 

In Figs 3, 4, and 5, 100 g of product is considered and 


OF PARAFFIN WAX 215 


the molecular weight range 300-400 (main part of the 
products) divided into small intervals. For each 
interval the corresponding quantity (grams) is read 
and the number of mols of an interval (1) is calculated 
by dividing this quantity by the average molecular 
weight of the interval. In Figs 9 (d), 10 (d), and 11 (d) 
the average number of branchings per mol (or the 
number of gram atoms tertiary carbon per mol) is 
read for each molecular weight of the intervals (V). 
The product (NV ) (V) is the number of gram atoms 
tertiary er in an interval and summation of these 


interval values “S UN )(V) yields the number of gram 
M = 300 


atoms tertiary carbon in the molecular weight range 
300-400. A better picture is obtained if 1410 g of 
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INFLUENCE OF REACTION TEMPERATURE 
Specific refraction and specific parachor of the fractions 


product is considered instead of 100 g, for it can be 
calculated from the distillation curve of the paraffin 
wax, that 1410 g of paraffin ~~ — 100 gram 


The values of soo WMP) (14-1) 


are therefore the numbers of gram “atoms of tertiary 
carbon in the range M = 300-400, obtained by plat- 
forming a quantity of paraffin wax which contains 100 
gram atoms of carbon. 

Table IV shows the results of this calculation and the 
absolute errors. It was assumed that the error in V 
is one branching per mol (see Part I). The error in V 
is about 2 per cent and can be neglected. 

Table IV also shows the amount of cracked material, 
which is defined as the weight percentage of the pro- 
duct with a molecular weight below 300. 

If a maximal isomerization and a cracking loss 
below 20 per cent is demanded, it appears from Table 


atoms of carbon. 
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PLATFORMING OF PARAFFIN WAX 


fig. 9b 


fig. 9c 
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Figs 9, 10, anp 11 


AVERAGE NUMBER OF RINGS AND BRANCHINGS PER MOLECULE IN THE REACTION 


IV that the experiments no. T;, P,, and C, are optimal 
conditions in the investigated series. 


Taste IV 
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@ A Platformate Splitter- 
column and ancillary plant at 
the B.P. Kent Oil Refinery, 

Isle of Grain. 


@ A Heavy-cycle Oil 
Stripper for Compania 
Shell de Venezuela. 
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insulation ECONOMICS 


Both designer and accountant can have their way. CAPOSITE is the finest 
insulating material. It is also the most economical. 

Compare the points in its favour with those of any other insulating 
material: maximum efficiency up to 1000°F. without protection; 

light weight; mechanical strength—above 1000°F. combined with 
“Caposil” High Temperature insulating material, all these characteristics 
are retained. CAPOSITE is cheap, quick and clean to fit, and can be 
applied to cold surfaces. It is permanent, stays rigid—and 

never sags. Take these features together, 


and you have the thermal 
insulation with the Highest 
Efficiency and the nice 


Lowest Annual Charge * - Amosite Asbestos Blocks and Pipe Sections 
* annual heat loss value plus financial depreciation 


THE CAPE ASBESTOS COMPANY LIMITED, 114 & 116 Park Street, London, W.1. GROsvenor 6022 


and at MANCHESTER: National Buildings, St. Mom ’s Parsonage, Manchester 3, Tel : Deansgate 6016-7-8; GLASGOW: 217 
Bothwell Street, Glasgow, C2, Tel : Central 175; BIRM INGHAM : 11 Waterloo Street, Birmingham 2, Tel: *Midland 6565-6-7. 
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W EIR EVAPORATING AND DISTILLING PLANTS 


have transformed living conditions in many parts of the world by providing ample supplies of pure 
fresh water from sea water. Many communities in what were practically desert areas, are, as a 
result, able to enjoy greatly improved standards of living, and to take part in the world’s industrial 
activities. 

We have more than half a century’s experience in the design and manufacture of sea-water evapor- 
ating and distilling plants for land and marine use, to provide fresh water for boiler feeding and 
domestic supplies, and we welcome consultation on any specific requirements. Write for illustrated 
Publication No. 1H.151. 


WEIR PRODUCTS include : 


FEED PUMPS, FEED HEATERS, DE-AERATORS, 
FEED REGULATORS, HIGH PRESSURE COMPRESSORS, ETC. 


Makers of Condensing Plant and Boiler Feed Auxiliaries for all land and marine duties. 


| | 
i 
iii 


THE ONLY ANSWER... 


At Kellogg House the problem has been 
trying to “‘put a quart into a pint pot’. This 
situation developed even though the Kellogg 
International Corporation anticipated an 
expansion of the petroleum and petrochemical 
industries. To provide additional engineering 
services for this expansion, four years ago 
the Kellogg International Corporation moved 
from the City to offices nearly three times as 
large at Kellogg House in the West End. 
Since then, the Kellogg International Cor- 
poration engineers have participated in the 
expansion of the petroleum and petrochemical 
organisations in the United Kingdom, France, 
Belgium, Italy, Germany, Yugoslavia, the 
Near East, South Africa, Australia and even 
Canada. To supply material and equipment 
for these projects, the Purchasing and 
Procurement Groups at Kellogg House have 
been dealing with over four hundred British 
manufacturers. Now the offices at Kellogg 
House can no longer house our steadily grow- 
ing staff. Doubling the size of Kellogg House 
is the only answer to maintaining our high 
standards of engineering services. 


Kellogg International Corporation 


KELLOGG HOUSE + CHANDOS STREET, CAVENDISH SQ, LONDON W.1. 


, SOCIETE KELLOGG - PARIS 8 
THE CANADIAN KELLOGG CO.LTD TORONTO 
KELLOGG PAN AMERICAN NEW YORK 
COMPANHIA KELLOGG BRASILEIRA - RIO DE JANEIRO 
COMPANIA KELLOGG DE VENEZUELA * CARACAS 
Subsidiaries of 
THE M. W. KELLOGG COMPANY 
NEW YORK 
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Where 


does it 
atl 


begin ? 


‘Well, the actual cable starts about five or six miles back. 
But the whole scheme began with J. & P.’ 


‘J. ¢ P.? You mean Johnson and Phillips ? 


‘The same. One way and another, you know, they’re 
responsible for most of the electrical transmission in this 
part of the world.’ 


‘Didn't they put in all the cabling for the processing plant ? 


*Yes, and all the sub-stations . . . as well as the overhead 


AND THE OIL INDUSTRY line to the power station. That was a neat piece of engin- 
Ever since the first electrification eering if you like.’ 

in J. & P. 

have a smudge of oil on thei 8 

hands. ‘The Iale-of Grain, Kuwait, ‘Seems J. P. know their job, 

Zubair, Grangemouth, Kirkuk, 

Coryton and Qatar are just a few of ? : ? 

‘We’ve always found them a most reliable crowd. 


men that appear on recent contracts. 


JOHNSON PHILLIPS 


A Power in the Electrical Worid 


JOHNSON & PHILLIPS LIMITED + CHARLTON + LONDON 
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A HEAT EXCHANGER 
PLATE 


in course of manufacture 


Tubes and Plates for Heat Exchangers 


It is significant that Birmingham Battery products are continually being 
supplied to leading Oil Companies all over the world 

We specialise in the production of Heat Exchanger Plates in Phosphor Bronze, 

Aluminium Bronze, Aluminium Brass, Naval Brass or Yellow Metal to shape, size and 

thickness required by individual customers. 

**BATTERY’’ manufactures of interest are: 


TUBES for Heat Exchangers, Steam Condensers, Oil Coolers, etc., to British 
Standard and A.S.T.M. Specifications in ‘‘BATALBRA”’ (76/22/2 Aluminium Brass), 
Admiralty Mixture (70/29/1 Brass), 70/30 Brass, Copper-Nickel Alloys and 
Aluminium Bronze. 


BI-METAL TUBES for combining the corrosion resistance properties of Non- 
Ferrous Tubes and Steel Tubes. 


Also TUBES (up to 24” dia.), SHEETS, STRIP, ROD and WIRE in COPPER, BRASS, 
PHOSPHOR BRONZE, etc. to the latest British Standard Specification. 


BIRMINGHAM 9 
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Butterfield Tanks TRANSPORT) 
into 


Butterfield Tanks (UNDERGROUND STORAGE) 


. . a family transaction which Butterfields are providing for many well 
known oil and petroleum companies and their customers, giving safe economical 
trouble-free service both in transport and storage. This name has been known 


for trustworthy Tanks, ever since the ‘oil age’ began 


Butterfield 


ROAD TRANSPORT TANKS & STORAGE TANKS 


full particulars from W. P. Butterfield Ltd P.O. Box 38 Shipley Yorks Tel 52244 (8 lines) 


Branches LONDON Te/ HOLborn 2455 (4 lines) BIRMINGHAM Tel EAS 0871 BRISTOL Tel 26902 
LIVERPOOL Tei CENTRAL 0829 MANCHESTER Te/ BLACKFRIARS 9417 NEWCASTLE-ON-TYNE Te/ 23823 
GLASGOW Tel CENTRAL 7696 BELFAST N.I. Tel 57343 DUBLIN Tel 77232 
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ALL TYPES OF STRUCTURES 


‘KELVIN’ all iron and ‘MAINSTEEL’ PALISADING 


Telephones : Victoria 8375 /6/7 /8 Telegrams : Kelvin Sowest, London 


STRUCTURES 
IN 
STEEL 


We Specialise in 


Required for 
Oil Production and Refining 


ALSO 


and All Types of FENCING 
for HOME and OVERSEAS 


A. & J. MAIN & COMPANY LIMITED 


LONDON OFFICE WORKS AND REGISTERED OFFICE 
VINCENT HOUSE, VINCENT SQUARE, 8.W.1 CLYDESDALE IRONWORES, POSSILPARK 
GLASGOW, C.2 


Telephone: Possil 838! Telegrams: Kelvin, Glasgow 
CALCUTTA: Post Box 36, 16 NETAJI SUBHAS ROAD 


also NAIROBI and CHITTAGONG 
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For many months our output of Hayward 
Tyler-Byron Jackson Process Pumps has been 
restricted by shortage of steel castings. This 
difficulty has now been overcome and we are 
able to increase our rate of production to a 
higher level than ever before. Enquiries for 
these precision pumps for hot and cold liquids 
will have our immediate attention. 


Also Multiplex Pipeline Pumps 
Chemical Pumps 
Oil Cargo Pumps 
Steam Turbines 


HAYWARD TYLER 


HAYWARD TYLER & COMPANY ~~: LIMITED LUTON & EAST KILBRIDE - LUTON 6820 
LONDON OFFICE + SALISBURY MOUSE - FINSBURY CIRCUS - EC2 + NATional 9306 
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LESSING RINGS 
RASCHIG RINGS 
SADDLES BALLS 


HY-MESH LESSING RINGS 


STONEWARE + PORCELAIN 
ALL METALS + GLASS + CARBON 


SPRAYPAK ”’ 
UNDER LICENCE OF U.K. ATOMIC ENERGY AUTHORITY 
THE PIONEERS OF TOWER PACKINGS 


THE HYDRONYL SYNDICATE LTD. 


14 GLOUCESTER ROAD, LONDON, S.W.7 
Phone : WEStern 4744. Grams: Hydronyl, Kens, London 


CLARSOL: 
DRILLING BENTONITES 


CLARSIL: 
ACTIVATED EARTHS 


CLARCEL: 
FILTER AIDS 


POROSIL : 
INSULATING KIESELGUHRS 


ACTICARBONE: 
ACTIVATED CARBONS 


THE BRITISH CECA COMPANY LTD. 
175 PICCADILLY, LONDON, W.! 


Telephone : Cables: 
HYDE PARK 5131-5 ACTICARBON, LONDON 


BROTHERHOOD 


STEAM TURBINES 


FOR DRIVING PUMPS, ETC. 


Wide range—All types. 
Over 40 years’ experience. 
Hundreds in hand— 
thousands in service. 


BROTHERHOCD 


COMPRESSORS 


Air, Gasand Refrigerating. 


The widest range in the 
British Empire—made tosuit 
your requirements. 
Thousands in service. 


BROTHERHOOD 
GENERATING SETS 


Turbine driven up to 

11,000 kw. 

Engine driven up to 340 kw. 
Scores in hand, hundreds 
in service. 


BROTHERHOOD 


REFRIGERATING PLANT 


Ammonia, CO,, Freon, SO,, 
Methyl Chloride. Wide range 
—single and double acting— 
one or more stages. 

Made to measure for 
special duties. 


TOWER PACKINGS |: 
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| COMPRESSOR & POWER PLANT SPECIALISTS FOR NEARLY A CENTURY ‘ 
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but not a drop in the fuel 


Nothing to see but sea—but there’s no water left in the fuel! Where’s 
it gone? Down into the sump of a Simmonds Separator Filter. Solid 
contaminants go too; in fact, a Simmonds Filter makes short 

work of the whole business of water-from-fuel separation. ‘Two types 
of separators are made—FRAM units (for aircraft refuelling) combine 
100%, water separation with filtration of solids larger than 5 microns. 
EXCEL-SO units (for refineries, pipelines or bulk handling) also efficiently 
separate water from hydrocarbon fluids and remove solids larger than 
40 microns. Both units work continuously without attendance, and are 
available in a wide range of flow rates for working pressures up to 

150 p.s.i.—or higher if needed. 


SIMMONDS SEPARATOR FILTERS 
give clean, water-free fuel for aircraft 


Inquiries to: Simmonds Aerocessories Ltd., Byron House, 7-8-9, St. James’s St., London, $.W.1,/Whitehall 5772. 
Head Office & Works: Treforest, Pontypridd, Glamorgan. A MEMBER OF THE FIRTH CLEVELAND GROUP 
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(PATENTED) 


FOSTER WHEELER LTD fabricates further extensions 
to Esso’s gigantic Oil Refinery at Fawley, Southampton 


Fabrication of the REACTOR, part of the new HYDROFORMER unit being built by FOSTER 
WHEELER LTD. for the ESSO PETROLEUM CO., LTD. The ARCAIR Torch is being used to back- 
gouge the outside welds, prior to welding the inside seams. The shell plates of this vessel are 2}” thick. 
Construction must meet the stringent requirements of the A.P.I.A.S.M.E. code and is subject to 
100°, X-Ray inspection. Lincoln machines and Fleetweld 5 electrodes are being used throughout. 
The Arcair Torch saves on cutting and gouging up to 80°! This new patent complete unit 
uses only electric arc and compressed air. Air-cooled for operating-comfort, with self- 
aligning rotating jet for adjusting carbons to all angles. Melts any metal by electric 

arc, then dissipates the molten metal by continuous high-velocity compressed air, Special 
Arcair copper-coated graphite carbons, in 7 sizes, are used. 


Arcair CUTS COSTS! 


Write for full information to sole European manufacturers and distributors, Dept. PN 


ELECTRIC CO LTD - WELWYN GARDEN CITY 
WELWYN GARDEN 920 


| | 
; 
: 
Pig { 
4 
i 
— 
{ 
— 
— 
a 
j 
AAL 
xii 
F 


MARSTON EXCELSIOR 
SERVE THE CHEMICAL INDUSTRY 


These 52 ft. Towers, each weighing 10 tons, the Heat Exchangers 
and connecting pipework illustrated in this photograph were 
fabricated in aluminium alloy by Marston Excelsior Ltd., for 
1.C.1. Billingham Division. This is one of the specialised 
products and comprehensive service which Marston’s 

provide including: 


Light Alloy Fabrication 
Specialised Engineering Assemblies 
Laminated Plastic Components 
Flexible Tanks 

Radiators and Heat Exchangers. 


Marston’s have unrivalled experience in the fab- 
rication of light alloys, and their products have 
earned a world-wide reputation for efficiency 
and complete reliability. 


MARSTON EXCELSIOR LIMITED 
(A subsidiary of Imperial Chemical Industries Ltd.) 
FORDHOUSES, WOLVERHAMPTON. 

Tel: Fordhouses 2181 MAR. 168 
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PENEX offers these advantages: 

1. Provides a high octane product with high volatility. 

2. Upgrades natural gasoline and light refinery 
products. 

3. Affords mild, continuous operation—maximum 
simplicity. 

4. Clean reaction—insignificant loss to by-products. 


5. Economy, both in original investment and 
day-to-day operation. 


® 


What it is: 


PENEX is an entirely new refining process which 
enables the refiner and natural gasoline manufacturer, 
for the first time, economically to upgrade his 


i pentane and hexane fractions. It is a simple, continuous 


process that does not require regeneration, and 
utilizes a fixed-bed platinum-containing catalyst. 


What it does: 


PENEX converts the low octane straight chain pentanes 
and hexanes into the much higher octane iso- 

: compounds, accomplishing this through a clean reaction 
. with little or no loss to by-products. Unconverted 

a portions of the feed stock are separated and recycled 

to provide the ultimate in octane improvement. 


4 This new process employs mild operating conditions, 
~ and the non-corrosive nature of the catalyst assures 
a easy and long-sustained operation. 


TRADEMARK 


PENEX is available NOW! 


PENEX is an important advancement in petroleum 
refining technology. It is ready to be put to work now. 
All refiners, everywhere, should investigate this 
new process fully either for early application or for 
consideration as part of their future planning. 


UNIVERSAL OIL PRODUCTS COMPANY 


i: 30 ALGONQUIN ROAD, DES PLAINES, ILLINOIS, U. S. A. 
: REPRESENTATIVE IN ENGLAND: F. A. TRIM 
% BUSH HOUSE, ALDWYCH, LONDON, W. C. 2 


Forty Years Of Leadership le Petroleum Refining Technology 
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RAMMING PATCHING MONOLITHIC LININGS 
SPECIAL, A SMERGENCY SHAPES COMPLETE LININGS 
% THIN SOUND STRONG JOINTING 
% PNEUMATIC GUN CEMENT LININGS 


* Fully descriptive literature on all of these 
grades of Durax is available on request 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE - SHEFFIELD 10 Telephone SHEFFIELD 31113 
284 
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comprehensive 
service 


ATMOSPHERIC AND VACUUM 
DISTILLATION UNITS 


COMBINED DISTILLATION, 
CRACKING, REFORMING AND 
VAPOUR PHASE TREATING UNITS 


PRESSURE DISTILLATE RE-RUN UNITS 


GASOLINE RECOVERY 
AND STABILISATION UNITS 


FRACTIONATING COLUMNS 
AND TUBE STILLS 


WAX REFINING, SWEATING AND MOULDING 


aig & om pany Limited 


Caledonia Engineering Works 


Paisley, Scotland 


London Office : 727 Salisbury House, London Wall, E.C.2. Phone: NATional 3964 
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